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LETTER  OF  TRANSMITTAL. 


Raleigh,  N.  C,  June  80,  1907. 
To  His  Excellency,  Robert  B.  Glenn, 

Oovernor  of  North   Carolina. 

Sib: — ^I  have  the  honor  to  transmit  herewith  the  report  of  the 
operations  of  the  Agricultural   Experiment  Station  of  the  North 
Carolina  College  of  Agriculture  and  Mechanic  Arts,  for  the  year 
beginning  July,  1906,  and  ending  June  30,  1907. 
Very  respectfully, 

S.  L.  Patteeson, 
Chairman  Board  of  Trustees. 
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The  Nokth  Cabolina 
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Office  of  the  Director, 
Raleigh,  N.  C,  June  30,  1907. 

Hon.  S.  L.  Patterson,  Chairman  Board  of  Trustees. 

Sir  : — I  have  the  honor  to  submit  herewith  the  report  of  the  opera- 
tions of  the  North  Carolina  Agricultural  Experiment  Station  of  the 
North  Carolina  College  of  Agriculture  and  Mechanic  Arts,  for  the 
year  ending  June  30,  1907. 

Trusting  that  this  report  will  prove  satisfactory,  I  am. 
Very  respectfully, 

B.    W.    KiLGORE, 

Director. 
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THIRTIETH  ANNUAL  REPORT 

OF  THE  DIRECTORS  OF  THE 

N.  C.  AGRICULTURAL  EXPERIMENT  STATION 

For  the  Year  Ending  June  30.  J907. 


By  the  Director. 


This  report  covers  the  work  of  the  Station  from  July  1,  1906,  to 
June  30,  1907. 

GHANQES  IN  STATION  STAFF. 

H.  H.  Hume,  Horticulturist,  severed  his  connection  with  the  Sta- 
tion on  September  first  and  his  place  was  filled  by  the  election  of  W. 
N.  Hutt.  R.  H.  Harper  and  O.  L.  Bagley  resigned  as  assistant 
chemists  and  were  succeeded  by  W.  A.  Syme.  The  work  of  C.  W. 
Burkett  as  Agriculturist  has  been  carried  on  by  C.  B.  Williams  and 
C.  M.  Conner.  R.  S.  Woglum,  Acting  Entomologist,  was  succeeded 
by  Franklin  Sherman,  Jr.,  as  Entomologist. 

WORK  IN  THE  AGRICULTURAL  DIVISION. 

The  operations  in  this  Division  of  the  Station  have  been  mainly  in 
continuation  of  the  experiments  of  the  previous  years  in  testing  cot- 
ton, com,  cowpeas,  and  soja  beans  with  a  view  of  determining  the 
varieties  best  suited  to  our  conditions,  their  fertilizer  requirements 
and  methods  of  cultivating  and  handling  the  crops  and  their  im- 
provement by  careful  selection.  The  work  with  alfalfa  has  been  en- 
larged to  meet  the  increased  interest  in  this  crop,  and  a  considerable 
amount  of  work  with  grains,  especially  wheat  and  oats,  has  been  in- 
augurated. 

WORK  IN  THE  CHEMICAL  DIVISION. 

In  the  Chemical  Division  study  has  been  continued  of  nitrogenous 
fertilizer  materials  and  the  conditions  under  which  they  are  convert- 
ed into  food  most  suitable  for  crops,  together  with  the  bacteria  which 
bring  this  about.  This  work  is  being  done  in  co-operation  with  the 
Biological  Division. 

Some  work  has  been  done  with  the  sweet  potato  to  determine  its 
suitability  for  the  production  of  alcohol  and  analyses  have  been  made 
of  samples  for  nitrogen,  formaldehyde,  nitrates,  etc.,  in  connection 
with  oUier  work. 

WORK  IN  THE  BIOLOGICAL  DIVISION. 

The  diseases  to  which  plants  are  subject  are  either  increasing  an- 
nually, or  else  we  are  only  finding  from  year  to  year  oj^gg^^ljiffeiljaM^i^ 
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long  been  with  us.  Investigations  have  been  continued  this  year  in 
the  study  of  watermelon  wilt,  in  efforts  to  obtain  one  or  more  varie- 
ties which  would  resist  this  disease  and  at  the  same  time  have  good 
shipping  and  eating  qualities.  This  work  has  been  in  progress  for 
several  years,  in  co-operation  with  the  U.  S.  Department  of  Agricul- 
tura  Some  good  melons  have  been  obtained,  but  they  have  not  been 
grown  sufficiently  long  to  have  their  qualifies  fixed. 

Granville  tobacco  wilt  studies  have  been  continued  in  that  section. 
A  large  number  of  varieties  have  been  tested,  a  few  of  which  have 
shown  good  qualities  of  resistance.  No  method  of  combatting  the 
disease  has  yet  been  found,  though  the  nature  of  the  trouble  is  Imown 
to  us. 

In  the  eastern  part  of  the  State,  particularly  in  Chowan  county, 
considerable  damage  is  done  by  a  sweet  potato  wilt  Investigations 
on  this  were  beerun  last  season.  Arrangements  have  been  made  for  a 
continuation  of  this  the  present  year. 

Investigations  have  been  conducted  on  soil  bacteriology  in  co-op- 
eration with  the  Chemical  Division,  tests  being  made  of  a  large  num- 
ber of  cultures  for  inoculating  leguminous  crops  and  a  collection  of 
the  fungus  diseases  of  the  State  begun. 

A  new  disease  of  chrysanthemums  has  been  found  and  possibly  a 
method  of  combatting  it. 

The  most  important  scientific  investigations  under  way  are  in 
connection  with  apple  diseases  and  lettuce  drop.  Several  new  dis- 
eases of  the  apple  have  been  found,  among  them  being  disease  of  the 
fruit,  a  fruit  rot,  a  disease  of  the  twigs,  a  trunk  rot,  and  a  canker 
disease.  Studies  are  being  made  of  these  along  with  troubles 
already  kno^vn,  among  which  are  the  apple  leaf  spot,  the  apple  rust, 
and  black  rot,  together  with  methods  of  overcoming  these  troubles. 

In  connection  wirJi  the  lettuce  drop  exto7isi\e  expoilments  at  -N"ew 
Bern  have  been  conducted  to  test  various  methods  for  the  treatment 
of  the  bed  with  a  view  of  the  extermination  of  the  disease.  These 
experiments  have  included  heat  and  different  chemicals. 

The  correspondence  of  this  division  of  the  Station  has  been  large, 
which  is  good  evidence  of  its  usefulness. 

WORK  IN  THE  VETERINARY  DIVISION. 

The  work  in  the  Veterinary  division  is  largely  provided  for  by  the 
State  Departqient  of  Agriculture,  a  portion  of  the  salary  of  the  Vet- 
erinarian only  being  paid  by  the  Station. 

The  main  efforts  of  the  Veterinarian  have  been  directed  toward 
the  extermination  of  the  cattle  or  fever  tick.  Methods  have  been 
worked  out  which  are  being  applied  on  a  large  scale  with  most  satis- 
factory results,  several  counties  being  freed  each  year  from  this  pest 
and  relieved  from  the  quarantine  restrictions.     A  great  deal  of  at- 
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tention  is  given  to  the  general  live  stock  interests  of  the  State  and  to 
the  suppression  of  contagious  diseases. 

WOKK  IN   THE   POULTEY   DIVISION. 

The  poultry  work  has  proceeded  along  the  usual  lines  of  testing 
different  breeds  for  comparative  egg  production,  methods  of  preserv- 
ing eggs,  including  the  keeping  qualities  of  fertile  and  infertile  eggs, 
methods  of  handling  and  feeding  and  care  of  chickens;  the  use  of 
different  incubators  and  brooders;  and  special  work  in  pedigreed 
fowls  for  egg  production.  In  this  latter  trap  nests  have  been  used 
and  a  record  of  all  hens  kept  These  have  shown  some  of  the  hens 
to  be  specially  prolific  layers,  while  others  have  given  no  eggs.  The 
eggs  from  the  heavy  layers  last  year  and  this  have  been  hatched  sepa- 
rately and  the  chickens  so  marked  that  the  best  of  them  can  be  selected 
for  a  continuation  of  this  work.  This  is  a  line  of  especial  interest 
and  value  in  poultry  production. 

A  comparison  has  been  made  of  dry  and  wet  mash  feeding  with 
results  favorable  to  dry  feeding,  as  indicated  by  the  specially  good 
health  of  the  fowls  and  the  increase  of  eggs  from  dry  fed  fowls. 
There  is  a  large  saving  of  time  in  dry  feeding. 

Tests  have  also  been  made  of  the  value  of  green  feed  for  laying 
.stock. 

A  Bulletin  on  Farm  Poultry  has  been  prepared  giving  in  addition 
to  matters  of  general  interest  to  the  poultry  raiser,  the  more  impor- 
tant results  of  the  experimental  work  referred  to  above. 

An  additional  building  has  been  added  the  past  season  for  keeping 
male  birds  and  a  windmill  for  supplying  water.  The  bams  and 
poultry  houses  have  been  painted. 

The  correspondence  and  calls  for  the  Poultryman's  services,  to- 
gether with  the  Institutes  which  he  has  attended,  show  a  growing 
interest  in  the  poultry  work;  the  correspondence  the  past  year 
amounted  to  something  like  a  thousand  letters. 

WORK   IN   THE  ENTOMOLOGICAL  DIVISION. 

With  the  exception  of  a  part  of  the  salary  of  the  Entomologist,  the 
entomological  work  is  provided  for  by  the  State  Department  of  Ag- 
riculture. The  most  serious  insect  pest  to  fruit  crops  is  the  San 
Jose  scale.  Experiments  have  been  made  this  season  in  a  number 
of  orchards,  especially  that  of  the  Candor  Fruit  Company,  in  Mont- 
gomery County,  where  over  thirty  thousand  trees  were  treated,  with 
"Scaleicide"  with  good  results. 

Preliminary  experiments  in  the  control  of  plum  and  peach  eur- 
culio  by  spraying  with  arsenate  of  lead  in  water  or  the  Bordeaux 
mixture  have  also  been  made  with  good  results,  though  it  is  desirable 
to  continue  this  work  another  season  before  drawing  conclusions. 
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Arsenate  of  lead  in  water  has  proven  itself  very  effective  in  the 
destruction  of  the  tobacco  flea  beetle  on  young  plants. 

Study  has  been  made  of  cabbage  insects,  especially  the  cabbage 
louse,  harlequin  cabbage  bug,  and  3ie  white  cabbage  butterfly. 

These  investigations  will  be  continued  as  time  permits. 

DAIRY  WORK. 

Under  the  direction  of  Prof.  C.  M.  Conner,  Mr.  Kendall  has  made 
experiments  on  the  acid  content  of  milk,  the  effect  of  the  period  of 
lactation,  and  of  acid  food,  on  the  acidity  of  fresh  milk ;  and  a  feed- 
ing experiment  to  compare  the  value  of  saccharine  feed  with  wheat 
bran;  treatment  of  milk  and  cream  contaminated  with  garlic  and 
means  of  preventing  it ;  a  study  of  the  normal  composition  of  North 
Carolina  milk,  and  the  preparation  of  records  of  dairy  herd  of  grade 
and  scrub  cows  with  a  view  of  its  improvement  by  selection  and 
breeding. 

PUBLICATIONS. 

Bulletins  have  been  issued  as  follows : 
No.  195. — Farm  Poultry,  by  J.  F.  Jeffrey. 
No.  196. — Some  Apple  Diseases,  by  F.  L.  Stevens. 
The  reports  of  the  heads  of  the  several  divisions  of  the  Station  and 
financial  statement  follow : 
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REPORT  OF  THE  AGRICULTURAL  DIVISION. 


Peof.  B*  W.  Kilgobb^  Director, 

Dear  Sib  : — The  following  are  the  main  lines  of  work  that  are  be- 
ing conducted  in  this  DiviBien^ 

Alfalfa. — For  some  time  past  greatly  increased  interest  has  been 
manifested  throughout  the  State  in  the  growth  of  atfalfa,  and  as  a 
result,  during  this  time  many  inquiries  from  different  localities  con- 
cerning the  value  and  adaptability  of  this  plant  to  North  Carolina 
conditions,  as  well  as  to  the  proper  method  of  preparation  of  soil, 
time  of  planting,  kind  and  amount  of  fertilizer  to  use,  etc,  have 
been  received.  In  response  to  this  popular  demand  for  definite  in- 
formation eighteen  experiments  designed  especially  lo  study  the 
fertilizer  requirements  of  this  legume  when  grown  upon  our  soils 
have  been  put  out  during  the  past  year.  In  addition  to  these,  five 
other  plats  were  sown  to  alfalfa  seed  from  as  many  different  sources 
and  of  as  many  different  varieties  to  ascertain  the  varieties  best  suit- 
ed to  our  conditions  of  soil  and  climate. 

Clovers,  Cowpeas  and  Soy  Beans. — During  the  year  fifteen  plats 
have  been  sown  to  alsike,  mammoth,  medium  red,  crimson  and  white 
blooming  crimson  clovers,  the  plats  being  so  arranged  and  treated  as  to 
study  in  a  comparative  way  the  response  in  yield  of  hay  of  each  clover 
to  different  fertilizer  treatments.  Thirty  varieties  of  cowpeas  and 
thirty-four  of  soy  beans  are  being  tested  to  determine  what  ones  are 
most  prolific  of  seed  and  hay. 

Wheat  and  Oats. — Ten  leading  varieties  of  wheat  and  six  of  oats 
are  being  tested  on  one-twentieth  acre  plats  under  the  same  soil  and 
fertilizer  treatment  to  ascertain  their  relative  yields.  As  these  two 
cereals  are  grown  to  a  considerable  extent  in  the  State  the  use  of  the 
most  prolific  varieties  is  of  the  most  vital  importance. 

Cotton  and  Com. — ^With  these  there  are  thirty-eight  one-twentieth 
acre  plats  being  devoted  to  fertilizer  tests  of  cotton  and  thirty-two  to 
com.  The  fertilizing  constituents  on  these  plats  are  combined  in 
different  proportions  so  that  the  most  economical  fertilization  may  be 
determined  for  these  crops.  In  addition  to  these,  six  plats  are  used 
for  culture  tests ;  fifteen  for  rotation  testa ;  sixteen  for  distance  tests 
of  cotton  and  com ;  and  thirty-four  for  variety  tests  of  com. 

Breeding  Tests  of  Corn. — Several  plats  are  given  over  to  a  study 
of  the  effect  of  selection  of  com  upon  yield.  This  work  was  begun 
three  years  ago  by  selecting  during  the  fall  seed  for  the  following 
year's  planting  from  one-eared,  two-eared,  three-eared  and  four- 
eared  stalks,  and  planting  each  of  these  selections  in  different  plats. 
The  appropriate  selection  of  seed  from  the  different  plats  is  being 
continued  and  the  yield  of  seed  com  from  each  plat  is  recorded. 
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For  instance,  on  the  plat  planted  in  com  that  was  produced  oi 
that  were  only  one  to  the  stalk,  the  selection  of  seed  for  next  ; 
planting  from  this  plat  was  from  stalks  bearing  only  one  ea 
stalk ;  and  so  on  for  the  two,  three  and  four-eared  kinds. 

There  is  no  more  vital  subject  for  our  farmers  than  that  of 
selection  made  in  the  proper  way. 

While  the  agricultural  work  has  been  increased  this  year, 
of  the  experiments  referred  to  above  have  been  under  way  for  a 
ber  of  seasons,  and  will  be  continued  until  sufficient  data  has 
collected  to  justify  a  publication  of  the  results. 
Respectfully  submitted, 

C.  B.  Williams^ 

Agronomi 
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REPORT  OF  THE   CHEMICAL  DIVISION. 


Pbof.  B.  W.  Kilgore,  Director, 

Sib: — I  take  pleasure  in  submitting  the  following  report  of  the 
operations  of  the  Chemical  Division  during  this  year. 

The  main  work  of  the  Division  has  been  a  continuation  of  the 
study  of  nitrification  in  the  soil,  and  in  this  work  we  have  been 
greatly  helped  by  the  co-operation  of  the  Bacteriological  Division 
and  the  appointment  of  Mr.  Temple  as  special  assistant  In  addi- 
tion to  the  study  of  nitrification  we  have  made  some  investigations 
of  the  sweet  potato,  have  made  determinations  of  nitrogen  in  samples 
sent  out  by  the  referee  of  the  Association  of  Official  Agricultural 
Chemists,  and  of  formaldehyde  in  some  samples  of  the  commercial 
article  for  the  Bacteriological  Division,  have  made  an  analysis  of  soil 
for  the  Bacteriological  Division,  and  have  determined  the  amounts 
of  nitrates  and  nitrites  in  the  garden  soils  of  the  neighborhood.  Of 
tliese  it  will  be  necessary  to  refer  to  only  a  few. 

Sweet  Potato. — Alcohol  is  produced  from  the  sweet  potato  by  trans- 
forming the  starch  into  sugar  and  by  fermenting  the  sugar.  The 
sweet  potato  has  not  been  used  in  the  United  States  for  making  alco- 
hol, although  the  percentage  of  starch  in  it  is  greater  than  in  the  Irish 
potato.  The  sweet  potato  contains  a  considerable  quantity  of  cane 
sugar  already  made.  The  climate  of  the  Southern  States  is  pecu- 
liarly adapted  to  the  growing  of  sweet  potatoes,  and  North  Carolina 
leads  in  their  production.  It  would  seem  then  that  the  alcohol  indus- 
try would  be  very  profitable  in  the  South  if  there  were  an  economical 
method  for  the  use  of  the  sweet  potato  for  this  purpose.  Experiments 
at  the  South  Carolina  Station  show  that  as  high  as  eleven  thousand 
pounds  of  sweet  potatoes  can  be  grown  per  acre  under  intensive  culti- 
vation. In  the  potatoes  grown  in  these  experiments  over  twenty  per 
cent  of  starch  was  found,  and  in  addition  to  this  as  high  as  six  per 
c<»nt  of  fermentable  sugar.  There  ought  to  be  produced  about  one 
gallon  of  alcohol  from  a  bushel  of  sweet  potatoes,  or  200  gallons  per 
acre.  The  composition  of  the  sweet  potato  is  shown  by  analysis  at 
the  California  and  Texas  Experiment  Stations  (17  varieties  of  each) 
is  as  follows : 

Col.  Texas, 

Water 70  70 

Ash 1.08  1.14 

Protein   1.86  2.41 

Fat 0.93  0.99 

Total  sugar 6.95  6.81 

Nitrogen  free  extract 23.60  2A 

Fiber   2.61  2.26 

W.  E.  Stone,  of  Purdue  University,  made  an  investigation  of  the 
sugars  in  the  sweet  potato  and  showed  that  there  are  no  reducing 
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sugars  present,  but  he  found  cane  sugar  to  the  extent  of  one  and  one- 
half  to  two  per  cent  He  studied  also  the  effect  of  baking  and  found 
that  during  cooking  a  considerable  quantity  of  starch  was  changed  to 
the  soluble  form. 

The  experiments  made  in  this  laboratory  confirmed  the  results  of 
Stone  as  to  the  presence  of  cane  sugar  in  the  sweet  potato,  and  seemed 
to  show  further  that  there  is  no  reducing  sugar  present.  This  was 
tested  in  two  ways. 

The  absence  of  pentosans  and  pentoses  has  been  shown  in  this 
laboratory.     This  was  not  touched  upon  by  Stone. 

It  appears  to  us  from  these  experiments  that  there  is  no  reason  why 
the  sweet  potato  might  not  be  used  directly  for  the  production  of 
alcohol  rather  than  by  taking  the  usual  step  of  separating  the  sugar 
and  the  starch  and  producing  alcohol  from  them,  the  carbohydrates  in 
the  potato  being  starch  and  cane  sugar. 

Nitrification. — ^At  the  beginning  of  the  work  of  the  Division  on 
nitrification  we  found  it  possible  to  produce  nitrates  in  soils  from 
nearly  every  soil  tested  by  us,  but  during  the  last  year  or  so  we  have 
found  that  the  same  fields  and  gardens  failed  to  produce  nitrates, 
which  indicates  not  only  instability  in  the  organism  but  the  lack  of 
wide  distribution.  After  failing  to  find  it  in  the  ordinary  field  and 
garden  soils  of  the  vicinity,  we  took  some  very  rich  soils  and  suc- 
ceeded again  in  securing  the  formation  of  nitrates.  In  some  cases 
we  have  found  that  an  attempt  to  cultivate  the  organism  has  resulted 
in  the  lack  of  production  of  nitrates.  After  succeeding  in  locating 
the  organisms,  our  work  is  now  proceeding  in  a  satisfactory  way  in 
co-operation  with  the  Bacteriological  Division.  Dr.  Stevens  and  Mr. 
Temple  are  attempting  to  cultivate  and  isolate  the  different  organisms 
in  the  soils  referred  to  with  the  view  of  ascertaining  those  which  pro- 
duce nitrates.  This  Division  is  performing  the  analytical  work,  and 
Mr.  Temple  is  for  the  present  giving  himself  entirely  to  the  bacterio- 
logical work.  Our  experiments  indicate  that  we  shall  have  interest- 
ing results. 

Respectfully, 

W.  A.  Withers, 

Chemist, 
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KEPORT  OF  THj:  BIOLOGICAL  DIVISION. 


Mb,  B.  W.  Kiix^obe,  Director. 

Deab  Sir  : — I  beg  leave  to  submit  a  report  of  the  Division  under 
my  charge  for  the  fiscal  year  now  closing.  ^ 

This  Department  as  organized  embraces  the  subjects,  Vegetable 
Pathology  and  Bacteriology  in  the  Experiment  Station  and  the  same 
subjects,  with  Botany  in  addition,  in  the  Agricultural  College.  The 
addition  of  J.  G.  Hall  to  the  staff  as  assistant  in  plant  pathology  has 
made  it  possible  to  do  much  naore  work  with  plant  diseases  than  ever 
before ;  and  the  employment  of  J.  C.  Temple  as  assistant  in  bacteri- 
ology has  admitted  of  work  in  soil  bjicteriology.  I  wish  to  express 
my  appreciation  of  the  ability,  interest  and  enthusiasm  of  Messrs. 
Temple  and  Hall  in  their  respective  fields  of  work,  and  to  acknowl- 
edge their  efficient  aid  in  carrying  on  the  work  of  this  year  as  planned. 

This  Department  is  well  housed  in  the  laboratories  of  the  Agricul- 
tural Building,  and  well  equipped  with  work  benches,  herbarium 
oases,  miscroscopes,  microtomes,  incubators,  sterilizers  and  necessary 
small  utensils.  An  incubator  provided  with  several  compartments, 
each  of  different  temperature,  giving  a  range  from  0°  to  35 °C,  has 
been  installed  recently ;  a  complete  set  of  Fungi  Columhiani  and  Sac- 
cardo's  Sylloge  Fungorum,  has  been  secured,  also  complete  bound  sets 
of  Centralblatt  fur  Bacteriologie,  Annales  Mycologid,  Zeitschrift  fUr 
Pflanzenkrankheiten, 

An  excellent  incubator  room  has  been  constructed.  It  is  lined 
throughout  with  metal  and  asbestos,  insulated  by  four  inches  of  air 
space  on  all  sides,  and  is  fitted  with  shelves  and  lockers  made  by  the 
Art  Metal  Construction  Company,  of  Chautauqua,  N.  Y. 

According  to  the  plan  (Fig.  1)  three  kinds  of  compartments  are 
here  provided:  Open  shelves  a;  Research  closets  b,  size  20  by  50 
inches,  containing  three  shelves  each  and  provided  with  lock ;  and  the 
individual  lockers  c,  5  by  15^  inches,  provided  with  doors  but  with- 
out locks.  This  arrangement  of  incubator  room  gives  more  space 
than  many  ordinary  incubators  and  at  very  much  less  expense.  The 
room  is  heated  by  a  special  stove,  "Petite  Calorifer  a  gaz,"  regulated 
by  a  Roux  U-shaped  metallic  regulator,  "Grande  Model,''  both  pro- 
cured from  Weisnegg,  Paris. 

With  these  new  facilities  this  department  will  be  enabled  to  take 
up  more  extensive  work  in  plant  diseases  and  bacteriology  during  the 
coming  year. 

The  work  of  the  past  year  may  be  summarized  as  follows : 

Puhlications. — ^During  the  year  the  following  bulletins  have  been 
issued  by  this  Department:  Press  Bulletin,  No.  14,  A  Serious  Let- 
tuce Disease ;  Press  Bulletin,  'No,  4,  Treatment  of  Oats,  Wheat,  Rye 
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Fio.  1.— Sbowing  arrangement  of  Iron  shelving  of  the  Incubator. 

and  Barley  for  Smut,  has  been  revised  and  re-issued  as  No.  15; 
Bulletin  No.  196,  Some  Apple  Diseases,  treating  of  several  diseases 
of  the  apple  tree,  hitherto  undescribed. 

Correspondence, — Many  inquiries  concerning  plant  diseases  have 
been  received,  diagnoses  made,  treatments  recommended,  etc  In  all 
8,743  letters  have  been  mailed  from  this  Department, 

A  Collection  of  Fungi  for  the  Experiment  Station  has  been  begun, 
and  it  is  desired  to  increase  this  collection  as  rapidly  as  possible. 
The  specimens  are  being  properly  arranged  and  systematically  cared 
for,  so  as  to  make  them  of  working  value. 

Plant  Disease  Survey  in  Cooperation  with  the  Naiional  Depart- 
ment of  Agriculture, — ^Many  queries  have  been  sent  out  over  the 
State  concerning  the  prevalence,  and  amount  of  damage  caused  by 
various  plant  diseases.  The  information  thus  secured  is  properly 
tabulated  and  preserved  for  reference. 

Lettuce  Drop, — This  is  unquestionably  the  worst  disease  affecting 
the  lettuce  industry.  Extensive  laboratory  and  field  study  is  planned, 
has  been  under  way  for  the  past  year,  and  will  be  continued  during 
the  coming  year. 
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Apple  Diseases. — The  fruit  diseases  of  North  Carolina  have  never 
been  studied  systematically,  and  much  remains  to  be  discovered  con- 
cerning them.  The  apple  diseases  have,  and  will  during  the  coming 
year,  receive  particular  attention.  Two  new  diseases  have  already 
been  described  and  several  more  are  under  study  in  the  laboratory  to 
be  reported  upon  later. 

Boot  Tubercle  Inoculations, — The  widespread  interest  in  soil  in- 
oculation, by  various  means,  to  secure  an  abundance  of  tubercles  upon 
the  roots  of  leguminous  crops,  and  in  particular  the  recent  exploitation 
of  the  means  of  inoculation  by  the  use  of  germs  upon  cotton  lint  and 
germs  in  liquid  culture,  have  led  us  to  test  the  efficiency  of  the  most 
recent  form  of  inoculation,  that  of  liquid  cultures.  Very  numerous 
accurate  tests  were  made  with  the  bean,  cowpea,  sweetpea,  alfalfa, 
Canada  field  pea,  vetch  and  red  clover,  both  upon  sterilized  and  un- 
sterilized  soil,  inoculated  and  uninoculated,  employing  various  modes 
of  inoculation.  In  all  some  one  hundred  and  ten  experiments  were 
made,  throwing  much  light  upon  the  question  of  inoculation  by  means 
of  pure  cultures.  The  results  of  this  work  will  be  found  on  succeed- 
ing pages. 

Oat  Smut. — The  dissemination  of  knowledge  concerning  the  avail- 
able methods  for  preventing  oat  smut  has  been  part  of  the  work  of 
this  Department  for  the  past  five  years.  Many  reports  of  efficiency 
have  been  received  from  farmers  throughout  the  State  and  several 
laboratory  tests  have  been  made.  The  results  of  this  work  will  soon 
be  embodied  in  bulletin  form. 

6*017  Bacteriology. — In  co-operation  with  the  Chemical  Department, 
work  has  .been  undertaken  in  the  study  of  soil  organisms  in  their 
relation  to  nitrogen.  So  far  the  work  has  been  largely  of  a  prelimi- 
nary character.     A  report  of  results  will  be  made  later. 

Sweet  Potato  WUt. — A  large  number  of  varieties  of  sweet  potato 
has  been  secured  through  the  kindness  of  the  United  States  Depart- 
ment of  Agriculture,  and  are  \mder  cultivation  in  Perquimans 
County.  The  work  of  last  year  consisted  simply  in  increasing  the 
-tock  of  each  variety  on  hand.  The  test  of  resistance  of  these  varie- 
ties will  be  made  this  year. 

Melon  Breeding  for  Re^stance  to  the  Wilt. — ^Work  on  melon  breed- 
ing was  continued  in  co-operation  with  the  National  Department  of 
Agriculture.  Some  thirty-four  varieties  of  resistant  melons  were 
tested  on  sick  soil  to  ascertain  their  edibility.  At  planting  time  and 
throughout  the  growing  season  conditions  were  adverse  to  successful 
melon  growing,  both  in  our  experimental  plots  and  on  adjoining 
farms.  For  this  reason  many  of  the  plots  failed  completely  to  pro- 
duce a  crop. 

All  melons  planted  possessed  considerable  resistance,  in  some  cases 
almost  complete  resistance  to  the  wilt,  but  in  many  strains  the  citron 
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type  predominat-ed  to  a  large  extent.  In  other  strains  man; 
melons  were  produced.  In  all  cases,  however,  the  variation 
great  as  to  interfere  with  the  value  of  the  melon  commerciallv 
variety  which  has  made  a  good  record  in  previous  years,  tli 
produced  many  edible  melons  of  excellent  quality  and  the  vin 
of  higher  resistance  to  the  wilt.  The  chief  objection  to  this 
its  lack  of  uniformity.  Eighteen  selections  of  seed  were  ni; 
future  tests. 

Respectfully  submitted, 

F.  L.  Stevkns, 
Biok 
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REPORT  OF  THE  VETERINARY  DIVISION. 


I)r-  B.  W.  Kilgore,  Director, 

Dear  Sir: — Pursuant  to  your  request,  I  have  the  honor  to  Here- 
with submit  my  report  as  Veterinarian  of  the  North  Carolina  Station 
for  the  year  ending  June  30,  .1907. 

The  eradication  of  the  cattle  fever  tick  (Boophilus  annulatusj  con- 
tinues to  be  the  most  important  veterinary  and  animal  husbandry 
question  of  special  interest  to  North  Carolina  agriculture  and  the 
work  of  this  Division  has  been  continued  along  the  lines  followed  in 
previous  years,  with  the  view  of  ascertaining  the  best  methods  of 
accomplishing  this  object. 

For  five  years  this  Station,  in  cooperation  with  the  North  Caro- 
lina State  Department  of  Agriculture,  continued  the  work  of  cattle 
tick  eradication,  this  State  being  practically  alone  in  the  work  of 
applying  the  facts  previously  worked  out  by  scientists  regarding  the 
liabits  and  life  history  of  the  tick,  to  practical  methods  of  destroying 
these  parasites  and  our  work  first  demonstrated  the  feasibility  of  the 
complete  extermination  of  the  cattle  tick  over  large  areas. 

The  two  general  methods  developed  and  found  most  satisfactory 
have  been  outlined  in  previous  reports,  and  briefly  stated  are  as 
follows : 

The  first  method  involves  the  keeping  of  all  cattle,  horses  and 
mules  out  of  the  pasture  to  be  cleaned  for  such  a  period  as  will  insure 
the  death  of  all  ticks  from  starvation.  If  these  animals  are  taken 
out  of  a  pasture  September  1st  and  not  returned  until  May  1st,  it 
will  be  free  of  ticks.  Or  if  they  be  taken  out  of  the  pasture  May  1st 
it  will  be  free  of  ticks  by  September  1st. 

The  winter  period,  although  twice  as  long,  is  preferable  for  the  fol- 
lowing reasons :  The  ticks  are  more  numerous  and  do  the  cattle  more 
injury  during  Septemlx^r,  October  and  November;  the  pastures  afford 
k-ss  feed  during  the  long  winter  period  than  during  the  best  pasture 
months,  ilay,  June,  July  and  August;  and  since  the  cattle  carry  few 
ticks  May  1st,  they  are  much  more  easily  cleaned  before  putting  on 
the  tick-free  pasture.  If  the  cattle  owner  has  only  one  pasture  he 
may  still  clear  it  of  ticks  by  any  one  of  the  following  plans :  He  may 
arrange  vnXh  a  neiglilx)r  to  pasture  his  cattle  during  one  period,  while 
he  pastures  those  of  his  neighbor  during  the  other  period,  thereby 
clearing  both  pastures.  Or  he  may  reduce  the  number  of  his  cattle 
and  divide  his  pasture  by  a  fence,  pasturing  one  part  during  one 
period  and  the  other  part  the  next  period.  If  he  does  this  and  the 
fence  be  of  wire,  it  will  be  necessary  to  move  the  fence  back  ten  or 
fifteen  feet  onto  the  tick-free  portion  when  the  clean  cattle  are  put 
thereon,  for  ticks  sometimes  cross  wire  fences.     Or  he  may  dispose 
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of  all  cattle  except  a  milch  cow  or  two  and  stake  these  out  or  keep 
them  in  a  small  lot  and  feed  them  for  one  or  the  other  of  these  periods. 
If  none  of  these  plans  can  be  followed,  it  will  pay  any  man  to  dispose 
of  all  his  cattle  and  be  without  cattle  for  one  of  these  periods  in  order 
to  obtain  a  tick-free  pasture. 

If  any  of  the  plans  suggested  by  this  general  starvation  method 
can  be  followed  it  will  still  be  necessary  to  make  certain  that  the 
cattle  are  free  of  ticks  when  they  are  put  back  onto  the  clean  pastures. 
Cattle  may  be  cleaned  of  ticks  by  a  thorough  application  of  Beau- 
mont crude  oil,  repeated  in  two  weeks ;  or  a  thorough  application  of 
a  mixture  consisting  of  three  gallons  of  cottonseed  oil,  one  gallon  of 
kerosene,  one  quart  of  tar,  and  one  pound  of  sulphur,  repeated  in  two 
weeks,  will  kill  all  the  ticks ;  but  these  applications  must  be  made  to 
all  parts  of  the  skin.  Or  the  cattle  may  be  cleaned  of  ticks  if  two 
lots  be  provided  on  which  no  cattle  have  been  for  eight  months.  Keep 
the  cattle  in  one  lot  for  eighteen  or  twenty  days  and  then  change 
them  to  the  other  lot  for  the  same  length  of  time.  By  this  plan  the 
cattle  will  almost  certainly  be  cleaned  if  the  weather  be  warm ;  but  if 
it  be  cold,  failure  may  sometimes  occur,  and  it  has  the  further  objec- 
tionable features  that  it  requires  forty  days  and  that  feed  must  be 
provided  during  that  period. 

The  second  general  method  of  tick  eradication  is  based  on  the  fact 
that  if  some  substance  be  applied  to  the  cattle  that  will  kill  the  ticks 
on  them  no  mature  ticks  can  drop  in  the  pasture,  and  if  this  be  kept 
up  for  a  sufficient  length  of  time  the  pasture  must  become  tick-free. 

Beaumont  crude  oil  is  probably  the  best  substance  to  apply  to  the 
cattle,  but  it  is  doubtful  if  even  this  can  be  applied  as  often  as  neces- 
sary for  a  sufficient  length  of  time  to  eradicate  the  ticks  in  the  pas- 
ture without  slight  injury  to  the  cattle.  The  most  favorable  times 
to  use  this  method  is  to  begin  September  1st  or  April  1st  and  continue 
as  often  and  as  long  as  necessary  to  kill  all  the  ticks  that  get  on  the 
cattle. 

The  objections  to  this  method  are  that  no  substance  is  yet  known 
that,  when  applied  sufficiently  often  and  for  a  sufficient  length  of 
time  to  insure  the  destruction  of  all  the  ticks  in  the  pasture,  is  en- 
tirely harmless  to  the  cattle;  that  the  cost  of  materials  and  labor  is 
too  great ;  and  that  unless  considerable  expense  is  incurred  in  provid- 
ing dipping  or  spraying  apparatus  the  applications  will  not  usually 
be  thorough  enough  to  obtain  success.  The  pastures,  however,  may 
be  cleaned  in  this  way,  and  where  conditions  warrant,  its  use  is 
advised,  but  many  failures  will  occur  when  cattle-owners  attempt  the 
use  of  this  method.  The  work  is  not  usually  done  with  sufficient 
care  and  regularity  to  insure  success. 

By  1906  it  had  been  demonstrated  that  the  complete  eradication 
of  the  cattle  tick  was  practicable,  and  in  a  measure  this  work  passed 
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beyond  the  experimental  stage.  Since  August,  1906,  however,  the 
Federal  Bureau  of  Animal  Industry,  having  obtained  an  appropria- 
tion for  cooperating  with  the  several  State  governments,  this  work 
has  been  carried  on  in  cooperation  with  that  Bureau  of  the  Federal 
government 

During  the  season  of  1907  cooperative  experimental  work  was  con- 
ducted in  the  counties  of  Union  and  Anson,  in  which  the  spraying 
with  an  emulsion  of  20  per  cent  crude  Beaimiont  oil  every  three 
weeks  while  the  cattle  were  still  running  on  the  infected  pastures  was 
used  for  the  eradication  of  the  ticks.  This  work  was  begun  rather 
too  late  in  the  season  and  discontinued  too  early,  on  account  of  lack 
of  funds  to  accomplish  the  most  good,  but  the  results  obtained  seem 
to  indicate  that  while  this  is  a  more  troublesome  and  expensive  means 
of  tick  eradication  than  the  method  of  taking  the  cattle  out  of  the 
pastures  and  allowing  the  ticks  to  die  of  starvation,  it  can  be  made 
successful  and  is  probably  advisable  when  stock  owners  can  not  be 
induced  to  adopt  the  more  certain,  easier  and  cheaper  plan  of  vacating 
the  infected  pastures. 

The  practical  results  obtained  to  date  as  aflFecting  North  Carolina, 
over  and  above  demonstrating  to  the  world  the  feasibility  of  the 
general  proposition  of  cattle  tick  extermination,  are  as  follows: 
Thirty  counties,  as  shown  on  the  accompanying  map,  have  been 
freed  of  ticks  and  all  restrictions  on  the  movement  of  cattle  there- 
from been  removed.  This  is  certainly  already  worth  to  the  State,  in 
money  saved,  not  less  than  $50,000  a  year.  All  of  which  is  respect- 
fully submitted. 

Yours  very  truly, 

Tait  Butler, 

Veterinarian. 
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REPORT  OF  THE  POULTRY  DIVISION. 


Prof.  B.  W.  Kiloore,  Director. 

Dkar  Sib: — I  beg  to  submit  the  following  report  of  the  work  in 
the  Poultry  Division  for  the  year  ending  June  30,  1907: 

The  work  in  pedigree  breeding  for  egg  production  has  been  con- 
tinned  during  the  past  year  and  satisfactory  progress  has  been  made. 
The  feeding  of  dry  feeds  from  hoppers  was  started  the  first  of  the 
year,  and  while  we  have  not  had  a  long  enough  experience  with  it 
to  say  positively  that  it  is  better  than  the  wet  mash,  as  far  as  we 
have  gone  with  it  we  are  well  satisfied  with  the  results.  Most  of  the 
hens  selected  from  last  year's  stock  for  breeders  this  year  have  given 
l)etter  egg  yields  than  they  did  in  their  first  year,  and  we  have  hatched 
a  larger  percentage  of  the  eggs  set  this  year  than  ever  before,  and 
whether  we  are  right  or  not  we  give  the  change  in  the  manner  of  feed- 
ing the  credit  for  most  of  the  improvement. 

A  test  was  made  with  two  lots  of  barred  plymouth  rocks  of  the 
value  of  green  feed  and  the  results  indicate  that  green  feed  of  some 
kind  is  a  very  valuable  addition  to  the  ration,  especially  where  corn 
is  largely  used. 

A  Bulletin  on  Farm  Poultry  has  been  prepared  and  is  now  in  the 
])rinter's  hands,  and  in  addition  to  general  poultry  information,  the 
results  of  the  experiments  carried  on  during  the  year  are  published. 

During  July  and  August  a  number  of  institutes  were  attended  and 
talks  given  on  iK)ultry  work.  In  many  cases  talks  were  given  both 
at  the  ilen'9  and  Women's  Institutes.  The  interest  in  most  of  the 
<M)iinties  visited  seems  to  be  on  the  increase,  due  no  doubt  to  increased 
j)rice  of  poultry  products  and  to  the  campaign  that  has  been  started 
lH>th  at  the  Institutes  and  in  the  Farm  press  in  favor  of  more  diver- 
si  fie<l  farming. 

Tlie  work  planned  for  the  coming  year  includes  a  study  of  the  prin- 
liples  of  heredity,  both  as  to  external  characteristics  and  as  to  pro- 
lificacy. The  suitability  of  cottonseed  meal  for  poultry  will  also  be 
tested  both  for  laying  stock  and  for  fattening  market  stock  to  deter- 
mine if  it  may  be  profitably  and  safely  fed  and  in  what  quantity. 
Respectfully  submitted, 

J.  S.  Jeffrey, 

Poultry  man. 
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REPORT  OF  THE  ENTOMOLOGICAL  DIVISIOX. 


Mb.  B.  W.  Kilgore,  Director. 

Dear  Sib  : — ^I  submit  the  following  brief  report  on  the  operations 
of  the  Entomological  Division  of  the  Station  for  the  past  year : 

As  has  been  pointed  out  in  previous  reports,  the  work  of  this  oflSce 
has  been  supported  mainly  by  the  State  Department  of  Agriculture 
and  the  activities  of  the  office  are  mainly  evidenced  by  the  reports  and 
other  publications  issued  from  that  Department.  However,  all  ques 
tions  regarding  insects  which  are  addressed  to  the  Station  are  care 
fully  answered,  and  each  year  we  are  able  to  do  a  little  original  work, 
either  in  experimentation  or  in  observation,  which  is  properly  Stati(iu 
work. 

Your  Entomologist  was  not  in  the  State  during  the  nine  months 
from  August,  1905,  to  June,  1906,  but  during  that  time  Mr.  R,  S. 
Woglum,  Acting  Entomologist,  conducted  some  careful  tests  against 
the  San  Jose  Scale  at  Raleigh  and  at  Southern  Pines,  which  demon- 
strated that  the  substance  known  as  "Scalecide"  is  quite  effective 
when  used  of  the  strength  of  1  gallon  to  12  gallons  of  water.  As 
this  material  is  readily  mixed  with  water  and  is  then  at  once  ready 
for  use,  it  promises  to  become  quite  widely  used,  especially  by  those 
who  for  one  reason  or  another  do  not  wish  to  attempt  the  use  of  the 
Lime-Sulphur  Wash.  The  past  season  it  was  used  in  several  orchards 
in  this  State,  noticeably  those  of  the  Candor  Fruit  Company  at  Can- 
dor, Montgomery  County,  where  about  33,000  peach  trees  were  treated 
with  every  evidence  of  satisfactory  results.  Preliminary  experi- 
ments in  the  control  of  the  peach  and  plum  Curculio  by  spraying  with 
Arsenate  of  Lead  in  water  or  in  Bordeaux  mixture  have  also  been 
made  by  Mr.  Woglum  at  Southern  Pines  with  very  encouraging  re- 
sults, though  it  would  be  very  desirable  to  continue  work  along  this 
line  at  some  future  season.  The  very  severe  late  freeze  of  the  pres<*nt 
season  compelled  us  to  abandon  that  work  for  this  year. 

During  the  month  of  May  Mr.  Woglum  made  several  interesting 
observations  upon  the  Tobacco  Flea  Beetle  in  Granville  County  and 
proved  by  experiment  that  the  young  plants  in  the  seed  bed  can  be 
protected  from  this  destructive  pest  by  spraying  with  Arsenate  of  Lead 
and  water.  The  same  material  may  be  used  for  dipping  the  plant> 
just  before  they  are  set  out.  Both  these  matters  were  proven  in  Mr. 
Woglum's  experiments,  but  as  the  time  was  limited,  the  tests  were 
not  as  extended  as  we  should  like.  The  results  were  very  encouraging, 
nevertheless. 

During  the  past  month  Mr.  Woglum  has  been  working  upon  some 
problems  concerning  cabbage  insects,  and  has  made  notes  on  the  life 
history  and  habits  of  Cabbage  Louse,  Harlequin  Cabbage  Bug  and 
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the  White  Cabbage  Butterfly.  Although  in  none  of  these  cases  could 
the  work  be  carried  to  the  final  conclusion,  his  notes  will  be  carefully 
written  up  and  placed  on  file  in  this  oflSce. 

Very  truly  yours,  Franklin  Sherman,  Jr., 

Entomologist. 
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North  Carolika  Agkicultural  Experiueivt  Station  in  Account  with  ti 
United  States  Appbopriations,  1906-1907 

Dr. 
To  receipts  from  the  Treasurer  of  the  United  States,  as  per  appropriations  for 
fiscal  year  ending  June  30,  1907,  under  Acts  of  Congress,  approved  Marc 
1887,  and  March  16,  1906: 

Hatch  Fund $15,000.00 

Adams  Fund 7,000.00 

Cr. 

Hatch  Fund,  Adams  Ft 

By  salaries $7,708.65  $4,43:j 

Labor   

Publications 

Postage  and  stationery 

Freight  and  express 

Heat,  light,  water  and  power 

Chemical  supplies  

Seeds,  plants  and  sundry  supplies 

Fertilizers 

Feeding  stuffs   

Library  

Tools,  implements  and  machinery 

Furniture  and  fixture"^  

Scientific  apparatus 

Live  stock    

Traveling  expenses 

Contingent  expenses  

Buildings  and  land 

Total $15,000.00  $7,000. 

We,  the  undersigned,  duly  appointed  auditors  of  the  corporation,  do  hero 
certify  that  we  Jiav«  examined  the  books  and  accounts  of  the  North  Caroli 
ExperiowRt  Station  for  the  fiscal  year  ending  June  30,  1907 ;  that  we  have  foui 
the  same  well  kept  and  classified  as  above,  and  that  the  receipts  for  the  year  fro 
the  Treasurer  of  the  United  States  are  shown  to  have  been  $22,000,  and  the  ec 
responding  disbursements  $22,000;  for  all  of  which  proper  vouchers  are  on  file  ai 
have  been  by  us  examined  and  found  correct,  thus  leaving  nothing. 

And  we  further  certify  that  the  expencfftures  have  been  solely  for  the  purpos 
set  forth  in  the  Acts  of  Congress,  approved  March  2,  1887,  and  March  16,  1906. 

(Signed) 

N.  B.  Brouqhton, 
C.  W.  Gold, 
B.  W.  Kiloore, 
( Seal. )  Auditors. 

Attest:     A,  F.  Bowen,  Custodian. 
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THE  SPRAYING  OF  IRISH  POTATOES. 


By  F.  L.  STEVENS 


Experiments  have  been  conducted  during  the  year  upon  the  planta- 
tion of  D.  M.  Stanton,  of  LaGrange,  X.  C,  for  the  purpose  of  deter- 
mining: 1st,  whether  spraying  potatoes  for  fungous  diseases  will  pay 
in  the  eastern  section  of  North  (^arolina  as  it  does  in  many  other  por- 
tions of  the  United  States;  2d,  to  determine  which  is  the  better  spray- 
ing mixture  for  potatoes  in  this  locality,  the  ordinary  lime  Bordeaux 
or  the  soda  Bordeaux. 

The  field  selected  for  experiment  lay  about  one  and  one-half  miles 
southeast  of  LaGrange,  in  a  region  of  sandy  loam.  It  was  planted  to 
Boone  potatoes. 

The  region  devoted  to  the  experiment  was  selected  on  account  of 
uniformity  of  character  of  soil  and  lay  of  the  land. 

Two  rows  were  left  untreated  between  each  experimental  plat  to 
obviate  any  errors  which  might  arise  from  the  spray  of  one  treatment 
lapping  over  onto  the  rows  receiving  a  different  treatment.  To 
guard  so  far  as  possible  against  the  imfavorable  influence  arising  from 
the  close  proximity  of  diseased  plants,  the  experiment  was  made  on 
blocks  of  three  rows. 

It  was  the  original  intention  to  leave  three  rows  without  Paris 
Green,  but  it  became  evident  from  the  inroads  of  the  bugs  that  such  a 
course  would  mean  the  total  loss  of  the  crop  on  these  rows,  and  since 
the  experiment  was  a  co-operative  one  with  ^Ir.  Stanton,  such  a  plan 
was  abandoned. 

The  following  sprayings  were  made : 

1st.  May  5. 

After  the  &k!&1  ^rayii^g  much  mixture  was  washed  off  hy  imim. 

2d.  May  11.  ' 

3d.  May  22. 

4th.  June  1. 

The  fourth  spraying  was  followed  by  rain  which  washed  off  much 
of  the  mixture. 

5th.  June  20. 

The  season  was  throughout  unfavorable  to  potatoes,  and  Mr.  Stan- 
ton wrote  on  May  22,  "Tops  are  making  slow  growth  and  I  see  no 
prospect  of  over  one-half  crop  even  if  good  rains  should  come  in  the 
next  few  days  and  continue  until  the  end  of  the  season."  On  May  25 
he  wrote,  "The  potato  crop  is  ruined  bv  the  drought.  *  *  *     We  can    , 
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not  get  a  fair  test  of  spraying  this  year.''  On  June  6  he  wrote,  "The 
vines  of  the  rows  sprayed  are  much  greener  and  better  looking  than 
on  the  unsprayed  rows."  On  June  11  he  also  wrote,  "The  vines  are 
looking  greener  and  better  than  those  not  sprayed."  On  June  20, 
my  assistant,  J.  C.  Temple,  applied  the  fifth  spraying  and  wrote, 
"The  leaves  were  greener  and  were  but  little  affected  with  the  blight, 
which  is  getting  bad  on  the  unsprayed  rows." 

Upon  digging,  on  June  30,  the  following  yields  were  harvested: 


Gross. 

Pnme. 

Second. 

Culls. 

Soda  Bordeaux 

Lime  Bordeaux-.  _  

335     lbs. 

416, 5  lbs. 
353. 5  lbs. 

Not  re- 
corded. 
126      lbs. 
100. 5  lbs. 

Not  deter- 
mined. 
152.5  lbs. 
117 

138 

Paris  Green  and  no  Bordeaux. __ 

136 

or  a  gross  gain  in  the  yield  by  the  use  of  the  lime  Bordeaux  mixture 
of  17.84  per  cent  in  marketable  potatoes,  a  gain  of  25.37  per  cent  of 
first  grade,  30.34  per  cent  seconds,  and  1.44  per  cent  thirds. 

No.  1  sold  on  an  average  at  $2.25;  No.  2  at  $1.80;  and  No.  3 
at  $0.80  f.  o.  b.,  making  a  cash  gain  of  $26.05  per  acre,  based  on  a 
yield  of  75  barrels  per  acre  on  unsprayed  fields,  or  a  gain  of  22.5 
per  cent. 

The  cost  of  the  five  sprayings,  which  resulted  in  this  gain,  was  about 
$5.00  per  acre,  making  a  net  gain  from  spraying  with  the  Bordeaux 
mixture,  under  the  condition  of  this  experiment,  $21.05  per  acre. 

Mr.  Stanton,  under  date  of  September  8,  writes,  "The  test  was  not 
a  good  one,  yet  it  shows  that  lime  Bordeaux  pays." 
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A  BACTERIAL  DISEASE  OF  LETTUCE. 


By  F.  L.  STEVENS 


Specimens  of  lettuce  badly  affected  with  some  disease  were  col- 
lected by  J.  G,  Hall  at  New  Bern  and  sent  into  the  laboratory  on 
April  4,  1907.  The  disease  showed  itself  upon  the  plant,  in  mild 
infection,  as  spots  upon  the  leaf.  In  early  age  these  spots  are  less 
than  1  mm.  in  diameter  and  are  of  a  pale,  yellowish-green  color  rather 
than  the  normal  green  of  the  lettuce  leaf.  Later  they  turn  slightly 
straw  colored  and  then  brown.  When  the  spots  attain  the  brown  con- 
dition the  tissue  is  seen  to  be  shrunken  in  thickness,  and  upon  holding 
such  a  leaf  to  the  light  the  diseased  spot  seems  to  be  surroimd  by,  a 
border  1  or  2  mm.  in  diameter,  of  pale  green  tissue.  The  infected 
spot  enlarges  and  as  it  does  so  the  chief  characteristic  of  the  disease 
becomes  apparent,  that  is,  a  shrinking  and  drying  of  the  diseased 
tissue,  resulting  in  a  membranaceous  region,  in  which  the  veins  ap- 
pear as  a  striking  net  work  of  dark  anastomosing  threads.      (Fig.  2.) 

As  the  diseased  areas  upon  the  leaf  enlarge  many  of  them  become 
confluent  and  large  regions  of  the  leaf,  one-fourth,  one-third  or  one- 
half,  may  blend  into  one  continuous  diseased  spot,  throughout  which 
the  character  as  expressed  above  appears.  That  is,  upon  being  held 
to  the  light,  the  diseased  region  appears  transparent,  with  the  thick- 
ness of  tissue  paper,  and  is  set  with  blackened  veins.  Viewed  by  re- 
flected light,  as  when  held  in  the  hand  or  against  some  dark  object, 
the  thinness  of  the  spot  and  the  conspicuousness  of  the  veins  are  of 
course  not  apparent,  and  the  whole  diseased  spot  appears  as  a  dead, 
blackened  portion  of  the  leaf,  somewhat  resembling  a  frosted  leaf. 
The  disease  sometimes  involves  all  of  the  leaves  of  the  head. 

Upon  miscroscopic  examination  no  fungous  threads  whatever  were 
seen,  and  every  diseased  spot,  young  or  old,  no  matter  how  small, 
even  a  piece  of  tissue  1  mm.  square,  upon  being  torn  apart  in  a  drop 
of  water,  was  seen  to  give  forth  myriads  of  bacteria.  These  issued 
in  every  direction  from  the  affected  tissue  in  such  clouds  as  to  be  dis- 
tinctly visible  to  the  naked  eye  to  a  distance  of  1  to  2  mm.  These  bac- 
teria were  rather  long  rod  forms,  which  stained  easily  with  Gentian 
Violet.  Bits  of  healthy  tissue  teased  apart  and  examined  in  similar 
fashion  revealed  the  presence  of  no  bacteria  whatever. 

Bits  of  diseased  tissue  were  taken  with  aseptic  precautions,  teased 
and  diluted,  then  plated  in  nutrient  beef  agar  and  in  cowpea  agar, 
resulting  in  each  case  in  a  practically  pure  culture  of  one  species  of 
organism.  On  standard  beef  agar  the  colonies  when  four  days  old, 
at  12°  to  17°  C,  attained  a  diameter  of  about  0.7  mm.  They  were 
circular,  smooth,  with  convex  surface.     Under  the  microscope  they 
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were  highly  refractive,  finely  granular,  often  with  a  small  granulai 
core ;  by  transmitted  light  they  were  translucent ;  the  color  was  that  of 
olive  oil.     In  consistency  they  were  soft. 


Fio.  2.— A  portion  of  a  single  spot  of  the  lettuce  bacterial  disease  enlarged,  seen  by  trans- 
mitted light  showing  the  extremely  transparent  nature  of  the  leaves,  the  veins  standing  oat 
clearly. 

Deep  colonies  were  lenticular  to  circular,  0.1  mm.  in  diameter,  sur- 
face very  slightly  rough,  finely  granular,  soft. 

The  streak  on  beef  agar  when  four  days  old  at  room  temperature 
was  filiform,  convex,  smooth,  olive-oil  colored,  translucent,  soft. 

In  broth  cultures  the  fluid  was  very  slightly  clouded  in  three  days. 
There  was  no  membrane,  but  there  was  a  very  fine  growth  at  the  sur- 
face and  a  very  fine  sediment  constantly  falling.  Upon  agitation  a 
very  fine  granular  sediment  rose  from  the  bottom  of  the  tube. 

Several  attempts  were  made  to  secure  inoculations  by  sprajMng  a 
liquid  culture  upon  lettuce  plants,  but  the  attempts  w^ere  unsuccessful. 

Notwithstanding  the  failure  of  securing  successful  inoculation,  the 
absence  of  any  other  causal  agent  from  the  diseased  spots,  the  uni- 
versal appearance  of  bacteria  in  ])ractically  pure  culture,  and  the  gen- 
eral appearance,  make  it  very  probable  that  this  disease  is  caused  bv 
bacteria.  Indeed  it  is  probably  the  same  disease  that  was  studied  by 
Percival  C.  Brooks.^ 

This  disease  was  of  only  slight  importance  this  year,  only  a  few 
plants  being  affected.  The  disease  is,  however,  a  serious  one  to  the 
individual  lettuce  plant,  since  an  affected  plant  is  entirely  devoid  of 
commercial  value.  If  conditions  should  be  such  as  to  admit  of  the 
disease  gaining  a  greater  foothold  in  the  lettuce  beds,  it  would  become 
of  much  significance. 

»  Mass.  Agr.  Exp.  Station,  19th  Annual  Report,  January,  1907,  p.  16|l 
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By  F.  L.  STEVENS 


Specimens  of  carrots  bearing  many  small,  soft  spots  were  found 
among  carrots  exhibited  at  the  Horticultural  fair  at  Xew  Bern,  May 
22.  The  spot  in  each  case  consisted  in  its  younger  condition  of  a 
sunken  area,  somewhat  soft,  and  usually  bearing  in  its  center  a  few 
strands  of  white,  cotton-like  mycelium.  Frequently  ten  or  twelve  of 
these  spots,  from  an  eighth  to  a  fourth  of  an  inch  in  diameter,  were 
found  on  a  single  root,  as  shown  in  Fig.  3.  In  the  older  stages  of  the 
disease  these  spots  enlarged  and  the  whole  rotten  area  was  covered 
with  a  dense  felt  of  white  mycelium. 


Fig.  3.— Carrot*?  In  various  stages  of  decay  from  the  Florida  sclerotlal  disease. 


Carrots  in  an  incipient  stage  of  the  disease  were  placed  in  a  moist 
chamber,  and  within  twenty-four  hours  there  was  an  exceedingly 
luxuriant  growth  of  white  mycelium  extending  for  an  inch  or  more 
from  the  point  of  original  infection.  The  condition  at  this  time  is 
illustrated  in  Fig.  3  at  the  right.     A  day  or  two  later  this  myceliimi 

/Goo^it: 
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extended  so  as  tx)  envelope  the  whole  root,  and  grow  out  over  the  glass 
of  the  dish  and  into  the  air.  At  this  time  there  -were  many  minute 
centers  of  denser  aggregation  of  the  mycelium  These  regions  rapidly 
assume  a  spherical  form  and  a  yellowish  tint,  at  the  same  time  ex- 
uding drops  of  water.  At  a  little  later  period  these  bodies,  sclerotia, 
become  a  light  brownish  color  and  later  almost  black.  In  the  yellow 
stage  they  closely  resemble  mustard  seeds,  both  in  size  and  color. 

The  fungus  causing  the  rot  is  clearly  the  same  as  that  collected  in 
Florida  on  egg  plant,  tomato  and  several  other  plants  by  Prof.  Rolfs, 
and  described  later  with  illustrations  by  Byron  D.  Halsted,  in  report 
of  New  Jersey  Agricultural  Experiment  Station,  1903. 

The  distribution  of  this  fungus,  as  shown  by  the  TJ.  S.  Plant  Dis- 
ease Survey  Eecords,  kindly  furnished  me  by  Dr.  W.  A.  Orton,  of  the 
Bureau  of  Plant  Industry,  is  as  follows : 

"On  Solanum  tuberosum,  Lycopersicum  esculentum,  Phaseolus 
sp.,  Cucurbita  sp.,  Daphne  odorata,  at  Lake  City,  Florida,  collected 
by  P.  H.  Kolfs.  On  tomato  at  Boston,  Georgia;  on  cowpea  at  Au- 
burn, Alabama;  and  on  potato  at  Hastings,  Florida." 

In  northern  climates  this  fungus  is  unknown  as  a  parasite,  al- 
though it  grows  in  the  laboratory  luxuriantly  as  a  saprophyte.  No 
record  has  been  made  of  it  heretofore  so  far  north  as  Nortii  Carolina, 
and  even  in  the  present  instance  it  may  be  that  the  fungus  made  its 
attack  after  the  carrots  were  pulled  and  that  it  is  here  rather  sapro- 
phytic than  parasitic. 
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Bv  F.  L.  STEVENS 


The  coniinon  nanio  chosen  for  die  disease  at  present  under  discus- 
sion is  taken  from  the  most  conspicuous  symptom  of  the  malady,  a 
hli^liting  of  the  corolla  of  the  ray  flower,  resulting  in  poorly  devel- 
oped, discolored,  one-sided  heads.      (Fig.  4.) 


Fi<i.  -i.— Three  heads,  showing  disease  as  It  naturally  occurs. 

Attention  was  first  called  to  tlie  disease  by  a  letter  from  Fayette- 
ville,  X.  (\,  dated  X(>veml)er  1J3,  1906,  and  accompanied  by  speci- 
mens. The  disease  has  been  known  at  that  place  and  has  contin- 
uously recurred  for  a  ])eriod  of  three  years,  each  year  with  increasing 
destructiveness.  It  was  first  attributed  by  the  owner  of  the  plants  to 
want  of  ventilation,  l)ut  u))on  its  occurrence  the  second  year,  the  pos- 
?5il>ilitv  of  such  a  cause  was  ])reclud(»d  by  the  conditions.  The  disease 
was  found  uj)on  plants  in  the  open  as  well  as  upon  those  of  the  green- 
house. The  first  year  it  was  known  it  was  found  only  upon  late 
varieties,  but  during  the  present  year  it  appeared  upon  all  varieties 
in  the  owner's  collection,  the  variety,  **Nellie  Pockett,"  being  par- 
ticularly susceptible.  The  **Golden  Wedding,"  a  late  yellow  variety, 
always  suffers  badly  in  the  collection  in  question.  Since  receiving 
specimens  from  Fayetteville  the  disease  has  been  found  in  Raleigh, 
and  it  may  be  of  wide  occurrence. 

Symptoms. — The  disease  is  most  conspicuous  in  the  flower  clus- 
ters which  it  attacks  usually  upon  one  side,  either  in  the  bud  or  dur- 
ing various  stages  of  blooming.  The  affected  blossoms  turn  straw 
color  or  bro^vnish,  cease  to  develop  and  wither,  the  discoloration  pro- 
ceeding from  base  toward  tip,  on  each  individual  flower,  thus  distin- 
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guishing  the  disease  at  once  from  many  disorders  which  may  resemble 
it  superficially.  If  the  case  be  severe,  and  the  attack  be  upon  a  bud 
while  still  young,  no  rays  will  develop;  the  head  will  not  open.  If 
the  attack  be  later,  a  portion  of  the  head,  one-half  or  two-thirds,  or 
more  or  less,  may  develop  normally  and  thus  by  contrast  heighten  the 
conspicuousness  of  the  disease.  Heads  nearly  open  and  apparently 
healthy  may  on  the  following  day  show  one  side  far  progressed  in 
disease.  The  owner  says  "it  developed  so  fast  that  a  large,  perfect 
bloom  in  the  morning  would  be  wilted  by  night." 

The  receptacle  turns  black,  and  the  peduncle,  to  a  distance  of  one 
to  two  centimeters  below  the  head  may  likewise  be  blackened  through- 
out Later,  shriveling  and  softening  of  the  peduncle  allow  the  head 
to  nod  in  a  characteristic  manner. 

On  the  affected  plants,  portions  of  the  stem  are  often  blackened  to 
a  distance  of  several  centimeters,  in  a  band  more  or  less  completely 
encircling  the  stem.  Frequently  this  diseased  spot  is  associated  with 
a  leaf,  the  petiole  of  which  also  partakes  of  the  discoloration. 

MiCEOscopic  Examination. — Under  the  microscope,  diseased  flow- 
ers, rays,  corollas,  receptacles,  peduncles,  and  the  diseased  portions 
of  the  stem  all  reveal  the  presence  of  a  rather  coarse,  much  branchd 
mycelium,  that  is  easily  recognized  by  its  septa,  which  are  numerous 

and  stand  out  with  an  especially  strik- 
ing clearness.  (Fig.  5.)  In  the 
humid  region  between  the  flowers,  in 
the  head,  the  mycelium  becomes  aerial, 
forming  a  loose  floccose  weft,  visible 
to  the  naked  eye.  In  the  hollow  pith 
cavity  of  the  blighted  receptacle  a 
similar  profuse  mycelial  development 
occurs;  while  on  old  specimens,  in 
culture  dishes  pycnidia  were  also 
foimd  identical  with  those  which  de- 
veloped in  pure  cultures,  to  be  de- 
scribed later.  Only  one  fungus  was 
seen  and  no  bacteria  whatever  were 
visible. 

Isolation. — Diseased  ray  flowers 
were  removed  with  sterile  forceps  and 
thrown  upon  solidified  pea  agar  in 
Petri  dishes,  several  to  each  dish. 
Similarly,  with  asepticprecautions,  bits 
of  the  wood  and  bark  from  diseased 
„     ,    ^,       ,  rr    ^  peduncles,  stems,  and  from  the  inside  of 

Fig.  6. —Normal  Hyphee,  mature,  show-    ',  .      t        '  i    ,     i        -r-i      i       ^ 

inK  septation  with  slight  construction ;  the  receptaclo  Were  plated.     Each  01 

also  the  mode  of  branching.  ,i  -,,  ^         x     i* 

those  cultures,  twenty-five  or  more  in 
number,  plated  on  November  18,  resulted  within  twenty-four  hours 
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in  pure  colonies,  all  alike,  of  a  fungus  with  a  mycelium  identical  in 
appearance  with  that  seen  in  diseased  tissue. 

The  Fungus. — The  colonies  grew  with  remarkable  rapidity  and 
remained  sterile  until  five  days  old.  Pycnidia  were  then  found  in 
the  oldest  portions  of  a  colony  upon  one  of  the  plates.  They  were 
amber  color  as  seen  with  the  two-thirds  objective  and  transmitted 
light,  approaching  No.  30  of  Saccardo's  Chromotaxia  or  the  YYO*  of 
the  Prang  Standard  Color  Scale.  They  were  coarsely  reticulated 
on  the  surface,  owing  to  their  composition  of  woven,  coarse,  mycelial 
threads.  (Fig.  6.)  In  diameter  they  ranged  from  102  to  204  Mu. 
( the  most  usual  size  being  about'  150  Mu.)  They  were  round  in  out- 
line and  elevated  from  the  surface,  hemispherical.  Grovm  upon 
com  and  also  upon  the  apple  agar,  the  pycnidia  were  very  much 
darker,  almost  black.  The  ostiolum  seemed  entirely  absent  in  many 
pycnidia   which   developed   deep   in   the  culture   medium,  but  was 


0Q%gi8 


Fig.  0.— Surface  view  of  pycnldam  Fig.  7.— Spores  from  pycnidia  grown 

showing  reticulation.  on  cow  pea  agar 

present  in  all  growing  upon  the  surface  of  artificial  media  or  upon 
natural  substrata.  The  spores  were  regular  and  oblong  or  quite 
irregular  oblong  or  swollen  and  rounded  at  one  end  and  pointed  at  the 
other  end.  Eegular-oblong,  however,  is  the  prevailing  type,  with  a 
pronounced  tendency  toward  irregularity.  (Fig.  7.)  One  septum, 
more  easily  seen  in  stained  preparations,  is  visible  in  most  of  the 
older  spores;  though  young  or  small  spores  and  many  larger  and 
older  ones  do  not  show  septation.  The  septum  is  frequently  central, 
but  there  is  a  tendency  for  it  to  be  located  nearer  to  one  end  than  to 
the  other.  Rarely  two  septa  or  even  three  are  present  in  one  spore. 
The  spores  measure  from  3  to  6.2  Mu.  in  thickness  by  10  to  20  Mu. 
in  lenq^th ;  6.2  Mu.  by  18  Mu.  being  the  usual  size.  The  spores  are 
hyaline  or  of  very  slightly  greenish  tint.  In  mass,  as  extruded  from 
ripe  pycnidia  they  appear  slightly  pink.  The  walls  of  the  spores  are 
evidently  mucilaginous  since  the  spores,  as  they  are  pushed  from 
the  pycnidia  upon  the  absorbtion  of  water,  issue  in  worm-like  coils, 
in  which  coils  they  adhere  for  considerable  time,  though  they  are  not 
in  visible  contact.  The  spores  germinated  rapidly  in  water  (Fig.  8), 
practically  every  spore  germinating.  In  germinating  the  septum  ap- 
f)oared  in  all  spores,  and  1  to  3  germ  tubes  protruded  from  each  cell. 
These  tubes  rapidly  became  richly  septate,  and  the  protoplasm  highly 
vacuolate. 
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¥ui.  8.— Stages  In  the  grerminatlon  of  spores;  e  and  i—c  and  d  respectively,  draw 
one  hour  later;  cand  d  drawn  at  0  hours  of  age,  and  e  and  fat?  hours;  m  15  hours  ol 

Studied  in  niierotonie  section  it  is  seen  tliat  tlie  spores  are 
from  all  inner  portions  of  the  pyenidial  wall  (Fig.  9)  except  the 
short  neck  of  the  ostiolum,  eaeli  s])ore  originating  singly  on  tin 
of  a  very  short  (about  2  to  5  Mn.)  stalk   (Fig.   10).     These  •= 

phores  are  lateral  branch 
the  mycelial  threads  whicli 
stitnte  the  pyenidial  wall, 
pyenidinm  originates  withi 
host  tissue,  i.  e.,  immersed 
rapidly  enlarges  to  burst 
overlying  epidermis,  so  tha 
mature  or  even  half  grown  ] 
idium  appears  superficial.  1 
is  no  especial  aggregation  o1 
celium  below^  the  base  oi 
])vcn  idium. 

The  pycnidium  in  very  y 
stages  is  solid,  without 
ity.  Later  a  spore  cavit\ 
velops,  though  apparenth 
more  rapidly  than  is  ne( 
tated  by  spore  production, 
the  youngest  pycnidia  havi 
spore  cavity,  the  surroun 
wall  is  composed  of  several 
to  eight)  layers  of  mycelium.  As  the  s])ore  cavity  Ix^conios  distei 
the  wall  Ix^comes  thinner  until  at  maturity  it  is  composed  of  only 
two  or  three  layers  of  mycelium,  while  the  region  of  the  ostiolun 
comes  one  layer  thick  and  eventually  ruptures.  iZoOqIc 


FiQ.  9. -Section  of  pycnidium.  a,  neck  of 
ostiolum. 

Fig.  10.— Portion  of  pvcnldlal  wall  in  sec- 
tion showing  method  of  spore  attachment. 
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This  fungus  clearly  belongs  to  the  section  Hyalodidymw  Sacc. 
of  the  Sphcerioidece  Sacc.  and  seems'  closest  in  affinity  to  the  mem- 
bers of  the  genus  Ascochyta.  The  possession  of  a  slight  beak,  which, 
however,  is  always  very  small  and  often  entirely  absent,  might  throw 
it  into  the  genus  Rhyncophoma  Karst,  but  members  of  that  genus 
are  typically  upon  w^ood,  usually  saprophytic  and  have  a  more  pro- 
nounced beak. 

Since  no  Ascochyta  or  indeed  any  other  species  of  the  SpJuBrioidecB 
Ilyalodidymag,  which  could  by  any  possibility  be  identified  with  the 
.s|x^cies  considered  in  this  paper,  has  come  to  my  notice  as  growing 
upon  the  Chrysanthemum  or  any  of  its  kin,  I  regard  this  as  a  new 
species,  for  which  I  gave  the  following  description:* 

Ascochyta  Chrysanthemi  Stevens. 

Pycnidia;  few,  immersed,  early  erum])ent,  single  or  scattered, 
round,  hemispherical,  amber  colored,  100-200  Mu.,  mostly  about  150 
Mu. ;  ostiolum  central,  small,  dark  bordered,  often  raised  by  a  short 
neck;  surface  reticulate;  pycnidia,  on  agar  media  irregular,  often 
with  two  ostioles  and  varying  nuich  in  size,  black  in  color.  Mycelium 
abundant,  innate  also  superficial,  aerial,  floccose,  richly  septate. 

Spores  oblong,  straight  or  irregular,  3  to  6.2  Mu.  by  10  to  20  Mu., 
mostly  6.2  by  10.  Ends  obtuse  or  acute;  septum  usually  one,  often 
obscure,  rarely  2  or  3,  usually  without  constriction  until  germination ; 
protoplasm  vacuolate,  hyaline  or  light  pink  in  mass. 

Habitat;  in  corollas,  heads,  petioles  and  stems  of  cultivated  plants 
of  Chrysanthemum  Indicum,  causing  blight.     Xorth  Carolina. 

CULTURE  CHARACTERISTICS  OF  THE  FUXGIJS. 

Thermal,  Relation. — Cultures  in  Petri  dishes  on  cowpea  agar 
were  inoculated  December  8,  '06,  and  placed  in  darkness  at  three  tem- 
])erature8  v/ith  the  results  appearing  in  the  adjoining  table. 
Table  I. — ^Isoculated  December  8,  Growth  in  mm. 


Mate         p,_. 
Number       ^'*^ 

1 

Days  of  Month— December 

Daily 

9      10 

11 

12 

13  1  14 

15 

16 

17 

18 

19 

Average 

-- 

-- 

12 
20 

12 
20 

18 
21 

17 
21 

18 
20 

-;. 

12 
18 

-- 

11 
17 

16 
19 

.,              Room    

2 
2 

4 
3 

-- 

12 
12 

15 
15 

18 
18 

22 
22 

25 
25 

26 
26 

33 
33 

39 
39 

3.5 

Temp.  30  to  35. 

:^             Incubator. . 

3 
3 

3 
3 

:: 

Con 
? 

tarn 
? 

i 

nat 

8 

ed. 
11 

15 

22 

25 

2.2 

T«™P]max._-. 

3 
17 

10 

18 

1 
14 

3 

7 

1 
16 

6 
21 

9 
22 

10 

21 

22 

14 
14 

-- 

6.3 
17.2 

^^             Outdoors.- 

0 
0 

2 
2 

-- 

? 

--  1  -- 

7 
7 

11 
11 

14 
14 

19 
19 

22 
22 

uugle 

»  Botanical  Gazette,  Vol.  44,  October,  1907,  p.  241. 
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The  growth  both  outdoors  in  the  cold,  and  in  the  incabatoi  was  ex- 
ceedingly irregular,  stunted  or  slow,  while  that  of  room  temperature 
was  very  much  more  rapid. 

In  addition  to  being  an  unfavorable  temperature  for  growth,  the 
heat  of  the  incubator  produced  great  irregularity  in  the  zonal  develop- 
ment; threads  started  vigorously,  stopped  suddenly,  and  growth  be- 
gan in  another  direction,  so  that  all  regularity  of  zone  formation  was 
lost.  Much  of  the  mycelium  also  became  encased  in  a  dark  coat,  as 
described  under  the  effect  of  cowpea  leaf  agar  below.  The  plates 
kept  at  outdoor  temperature,  while  they  maintained  a  fair  regularity 
in  the  formation  of  zones,  did  not  make  the  same  number  of  zones  as 
the  cultures  kept  at  room  temperature.  The  number  of  zones  made 
in  the  room  temperature  being  six,  while  that  outdoors  was  four. 

Acid  Relation. — Cultures  in  lettuce  agar  in  dark  at  room  tem- 
perature in  various  degrees  of  acidity  gave  the  following  record: 
Table  II. — Inoci  lated  December  13,  Growth  in  mm. 


Plate 

Drops  of 

Normal  Acid 

or  Alkali 

Per  Tube 

Fuller's 
Scale 

Inocu- 
lated. 

Day  of  Month— December 

Average 
Per  Dav 

14 

15  j  16  j  17 

18 

19 

25 
27 
49 
31 
29 
34 
33 

10 

5 

0 

5 

10 

15 

20 

4-40 
-f20 
0 
-19 
—39 
—59 
—99 

12-13 
12-13 
12-13 
12-13 
12-13 
12-13 
12-13 

? 
? 
2 

^- 

? 
? 

0 
0 
3 
3 
2 
0 
0 

0     -- 
0     -- 
7      12 
5     11 
3       8 
0       2 
0     gr. 

15 

14 

9 

3 

5 

18 
16 
10 
4 
6 

Ti 

2.6 
1.6 

1. 

It  is  clearly  seen  from  these  data  that  a  neutral  medium,  or  one 
only  slightly  alkali,  favors  best  the  growth  of  this  fungus. 

In  the  plates  bearing  10,  15  and  20  drops  of  normal  alkali  there 
was  no  formation  of  zones  at  all.  In  the  plate  bearing  five  drops  of 
alkali  two  zones  were  formed. 

The  effect  or  lack  of  effect  of  light  upon  rapidity  of  growth  is  ex- 
hibited in  the  following  table ;  cultures  grown  at  room  temperature  on 
cowpea  agar: 
Culture  Kbit  in  Light  and  in  Darkness,  Inoculated  December  8,  Gro^^tii  in  mm. 


Plate 

Inocu- 

Day of  Month— December 

Average 

lated 

9 

10 

11 

12 
12 

13     14 

15 

16 

17 
33 

18 
39 

Per  Day 

1 

Light  — 

12-8 

9 

3 

5 

15     18 

25 

26 

3.9 

2 

2 

3 

5 

12 

15     18 

25 

26 

33 

39 

3.9 

3 

Dark.__. 

12-8 

2 

3 

5 

13 

14 

18 

22 

25 

31 

37 

3.7 

4 

2 

3 

5 

12 

14 

18 

22 

25 

31 

36 

3.6 

The  cultures  in  light  and  dark  agreed  almost  absolutely  in  rapidity 
of  growth,  a  slight  difference  of  one  or  two  mm.  noted  at  the  end  of 
ten  days  growth,  being  so  small  as  to  be  insignificant. 
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Gbowth  in  Various  Media,— 

trients  at  room  temperature  in  the 

Inoculated  December 


-Cultures  in  agar  with  various  nu- 
dark  grew  as  follows : 
13,  1906,  Gbowth  in  mm. 


Plate 


Medium 


Inocu- 
lated. 


Temp.  I 


mm. 
max. 


9 
10 


Pureaf^ir- 


12-13 


^    jPeaagar 12-13 


16 


U 


1  %  Peptone  as:ar 12-13 


Day  of  Month — December. 


14    I  15 


17 
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Colonies  grow^n  in  pure  agar  and  those  upon  pea  agar  were  of  the 
>aine  general  appearance,  thin,  colorless,  and  structureless ;  zone  for- 
mation being  entirely  absent.  A  very  few  pycnidia  were  produced, 
liy  increasing  the  richness  of  the  pea  agar  to  4  per  cent  pycnidia 
*^re  secured,  but  without  change  in  other  characters.  The  growth 
iu  pea  agar  was  no  more  rapid  than  that  on  pure  agar,  but  was  much 
more  dense;  the  mycelium  was  colorless  and  very  few  pycnidia  de- 
veloped. 

One  per  cent  peptone  adds  nothing  to  the  nutrient  value  of  the 
medium  for  this  fungus.  Growth  comes  to  an  end  earlier  than  in 
pure  agar  or  other  media  and  there  are  no  pycnidia,  no  color  to  the 
uiwlium,  and  only  a  very  slight  indication  of  zonation. 

(ihtcose, — Two  and  5  per  cent  favor  growth,  the  5  per  cent  being 
slightly  better  than  the  2  per  cent.     No  pycnidia  developed,  but  th^4^ 
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is  marked  though  irregular  zonation,  and  the  whole  mycelium  de- 
velops a  striking,  intense  blackness.  The  septation  and  cell  contents 
are  normal  and  the  color  rests  with  the  cell  wall. 

Starch, — One  per  cent  did  not  increase  the  rate  of  growth,  although 
upon  microscopic  examination  it  was  clear  that  the  starch  grains  were 
digested  almost  as  soon  as  the  advancing  threads  of  the  fungus  reached 
them,  and  growth  continued  long  in  these  plates.  The  effect  of  starch 
upon  the  general  appearance  of  the  colony  and  upon  the  mycelium 
was  precisely  as  in  the  glucose  plates. 

In  Standard  beef  agar  and  gelatine  growth  was  about  as  with  pep- 
tone agar,  though  it  continued  for  a  longer  time.     The  mycelium  was 


Fio.  1 1.— Abnormal  hyphse,  mature,  as  grown  in  gelatine,  the  cells  befog  ana- 
sually  swollen. 

FiQ.  12. -Thickening  of  hyphee,  produced  by  too  high  temperature  or  an  ex- 
cess of  nitrogenous  food. 

of  abnormal,  irregular  character  (Fig.  11)  and  there  were  no  pycnidia 
nor  any  development  of  color  nor  of  well  marked  zones. 

On  beef  gelatine  the  growth  was  more  uniform  than  on  beef  agar, 
and  the  zones  were  somewhat  clearly  marked,  liquifaction  following 
in  the  wake  of  the  mycelium,  lagging  about  four  or  five  mm.  behind 
the  mycelial  tips. 

In  litmus-lactose  agar  the  colonies  developed  as  on  beef  agar  with- 
out acidity. 

Upon  cov^pea  leaf  agar  the  growth  while  exactly  parallel  in  rapidity 
with  the  growth  upon  the  cowpea  agar,  exhibited  remarkable  differ- 
ences in  the  structure  of  the  colony,  the  numb^FlcJl  zones  being  much 
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leas  and  consequently  of  nnieh  greater  breadth.  The  mycelium  also 
clung  closer  to  the  medium,  was  less  floccose  and  less  aerial,  and  in 
the  older  region  of  the  mycelium  the  cells  became  extraordinarily 
thick  and  short  and  assumed  a  dark  color.  In  some  instances  the 
protoplasm  within  the' cell  roimded  off  and  became  invested  by  a  thick 
brown  coat.  In  other  instances  a  similar  brown  coat  of  much  greater 
thickness,  often  four  or  five  times  as  thick  as  the  diameter  of  the 
mycelium,  would  form  around  the  mvcelial  threads.  (Figs.  12 
aiicl  13.) 

Cowpea  agar  j)roved  the  bt^st  medium  for  the  growth  of  the  fungus, 
the  concentric  zones  forming  with  great  regularity,  five  dense  zones 
;ind  six  lesser  zones  being  formed  in  a  period  of  eleven  days.     In  the 


Fio.  13.— Pure  culture  of  the  fungus  seventeen  days  old,  grown  upon  cow-pea  agar  In 
diffuse  light;  pycnldla  not  then  formed. 
Fio.  14.— Pycnldla  ou  agar  plate,  viewed  from  below. 

older  central  i)ortion  pycnidia  began  to  form  at  tlie  end  of  about  eight 
days,  though  often  later.  Pycnidial  formation  proceeds  from  the 
(•(  utral  zones  to  the  younger  zones,  the  ])ycnidia  lx?ing  most  numerous 
in  the  denser  zones,  although  they  were  by  no  means  lacking  in  the 
lesser  zones. 

Upon  bQiled  rice,  in  test  tubes,  the  fungus  grew  luxuriantly.  As  the 
threads  first  invaded  the  rice  there  was  developed  a  salmon  color, 
which  later  turned  to  black. 

Upon  boiled  com,  in  test  tubes,  the  mycelium  developed  well,  be- 
came black,  and  j)vcnidia  were  ]>resent  in  abundance  at  the  end  of 
tleven  days. 

The  most  striking  features  noted  in  these  nutrition  studies  was  the 
influence  of  starch  and  glucose  in  agar  or  the  starch  of  the  rice  or 
(•(»m  media  in  causing  the  development  of  an  intense  black  coloration 
in  the  mycelium.  Also  the  unfavorable  influence  of  peptone,  beef 
and  gelatine  as  evidenced  by  distorted  mycelium  and  the  failure  to 
develop  pycnidia. 

The  formation  of  zones  is  the  most  characteristic  feat ure/of  growth 
of  this  fungus  upon  clear,  solid  media.      (Fig.  14.)      Reference  has 
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constantly  been  made  to  this  feature.  The  lesser  zone,  the  zone  which 
immediately  surrounds  the  point  of  inoculation,  is  due  to  the  myce- 
lium rapidly  growing  out  in  every  direction  in  the  medium  from  the 
point  of  inoculation.  As  each  individual  thread  becomes  more  and 
more  distant  from  the  center  and  has  made  more  and  more  branches, 
the  threads  b^n  to  crowd  each  other  much  more  closely  until,  if  con- 
ditions be  proper,  a  time  is  reached  when  apparently  the  crowding 
becomes  so  great  that  further  growth  in  length  is  inhibited.  There 
then  occurs  a  development  of  aerial  hyphae  and  a  thickening  and  dark- 
ening of  the  ends  of  hyphai  already  produced;  this  resulting  in  a 
darker  zone  surrounding  the  lighter  zone.  After  maintaining  this 
condition  for  some  time,  individual  threads,  in  a  scattered  fashion, 
break  through  the  outer  dense  zone,  continue  their  growth  and  pro- 
ceed to  the  formation  of  a  second  lesser  zone,  followed  in  course  of 
time  by  a  second  denser  zone,  all  being  formed  in  precisely  the  same 
fashion  that  the  first  two  zones  wore  made.  Plates  have  b^n  exposed 
under  different  light  relations  and  different  temperatures,  and  it  seems 
probable  that  there  is  no  connection  between  either  of  these  factors 
and  formation  of  zones  in  this  fungus,  other  than  is  occasioned  by 
increasing  or  decreasing  growth. 

iNorrLATioxs.      (Figs.  15,  16  and  17.) 


Fi(i.  15.  Four  dlsea^sed  heads  produced  by  inoculation  from  pure  culture. 

Some  forty  inoculations  were  made  with  mycelium  taken  from  pure 
cultures  on  bits  of  agar.  Of  these  twenty-eight  gave  positive  results. 
Control  cultures  remained  uninfected.  Inoculations  were  made 
within  the  involucral  scales,  between  the  flowers  in  the  head,  on  stems, 
and  on  leaves,  as  follows : 
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lo.  16.— Sbowlog  method  of  covering  Inoculated  heads  to  supply  humtd  atmosphere. 

Kiu.  17.— Fiant  bearing  flowers  In  condition  of  disease  ;  produced  by  Inoculation:  1,  The 
topmost  head  Inoculated  between  the  flowers  with  pycnldla  from  agar.  2,  The  second  tall- 
e:»t  nead  as  in  No.  1.  4,  Inoculated  on  scarifled  bark  immediately  below  the  head  Dates  as 
atjcve.  13.  Inoculated  November  29  inside  Involucre,  covered  by  tube  twenty-four  hours; 
cli:»eased  December  8.  8,  Inoculated  November  21  with  agar  on  scarified  bark  under  wet 
cotton;  diseased  December  10. 

Series  I. 

Inoculated  from  mycelium  obtained  from  the  original  agar  plate 
culture  on  which  diseased  rays  had  betn  placed.  Inoculations  made 
November  22,  1906. 

Inoculation  No,  1 — under  the  involucre  of  the  bud,  which  was  just 
beginning  to  open.     Observed  December  S,  growth  ;  Decemb^  J^'if/^V 
hibited  typical  disease.  ^^^^    ^  o 
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Inoculation  No.  2 — in  the  axil  of  the  uppermost  bract,  in  needle 
pricks,  with  agar.  The  bud  above  was  just  beginning  to  open.  Ex- 
amined on  December  8  and  December  18  with  no  indication  of  disease. 

Inoculation  No,  S — with  mycelium  upon  agar  upon  the  end  of  the 
unopened  bud.  Examined  December  8,  no  growth;  examined  De- 
cember 18.     Typical  disease. 

Inoculation  No,  4 — (control  cultures  similar  to  Ko.  3,  with  sterile 
needle.     Examined  December  8  and  December  18.     No  growth. 

Inoculation  No,  5 — at  base  of  leaf;  the  tissue  unbroken.  Exam- 
ined December  8  and  December  18.     No  result. 

Inoculation  No,  6 — agar  laid  upon  the  outside  of  the  involucre; 
tissue  uninjured.  Examined  December  8  and  December  18.  Xo 
result. 

Inoculation  No,  8 — same  as  in  Xo.  6.     Same  results. 

Inoculation  No,  0 — at  the  base  of  the  petiole.  Tissue  nninjure<l. 
Examined  December  8  and  December  18.     Xo  result. 

Inoculation  No,  10 — leaf  base  pricked  and  inoculated  with  agar 
culture.     Examined  December  8  and  December  18.     Xo  result. 

It  is  to  be  noted  that  in  this  series  Xos.  1  and  3  produced  typical 
disease;  that  is,  all  of  the  inoculations  which  were  attempted  within 
the  involucre.  Control  inoculations  produced  no  growth  and  attempts 
to  produce  the  disease  upon  leaves  and  stems  through  uninjured  tissue 
failed. 

Series  IT. 

Inoculated  November  24,  1906,  with  mycelium,  which  was  richly 
set  with  pycnidia. 

Inoculation  No,  11 — agar  bearing  mycelium  placed  deep  between 
the  petals  of  the  open  flower.  Examined  December  8.  Showed  typi- 
cal disease. 

Inoculation  No,  12 — same  as  X^o.  11. 

Inoculation  No,  13 — same  as  Xo.  11,  using  sterile  agar;  control 
inoculation.     Examined  December  8  and  December  18.     Xo  growth. 

Inoculation  No,  H — peduncle  immediately  below  the  bud  scarified. 
Jnocidated  with  mycelium  on  agar.  Examined  December  8.  Showed 
typical  disease. 

Inoculation  No,  15 — similar  to  Xo.  14,  but  with  sterile  agar.  Con- 
trol experiment.  Examined  December  8  and  Deceml)er  18.  Xo 
growth. 

Inoculation  No,  16 — upon  scarified  stem  immediately  under  head 
with  agar  bearing  mycelium,  the  whole  covered  with  wet  cotton.  Ex- 
amined December  8  and  December  18.     Xo  result. 

Inoculation  No.  77 — conditions  same  as  in  16.  Examined  Decem- 
ber 18;  head  typically  diseased. 

Inoculation  No.  18 — conditions  same  as  in  16.  Examined  De- 
cember 8,  no  result;  examined  December  10,  typical  disease. 
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Inoculation  No.  19 — agar  bewaring  mycelium  placed  upon  the  tip  of 
the  opening  head.  Examined  December  8,  no  growth ;  December  18, 
typical  disease. 

Inoculation  No.  20 — conditions  same  as  in  No.  19.  Examined 
Deoembc*r  S ;  typical  disease. 

Inoculation  No,  21 — condition  same  as  in  19 ;  lost  through  accident. 

It  is  to  be  observed  that  in  this  series  the  inoculations  within  the 
flower  pro<luced  typical  disease,  (^ontrol  inoculations  produced  no 
disease.  Inoculation  upon  scarified  stem  when  covered  with  damp 
mtton  to  prevent  evaporation  w^as  capable  of  inducing  the  disease. 

Series  III. 

Inoculated  November  29,  1906. 

Inoculation  No.  22 — agar  bearing  mycelium  was  placed  between 
the  rays  of  a  head  and  the  whole  covered  with  a  tube  and  supplied 
with  wet  cotton  to  prevent  evaporation ;  tube  and  cotton  were  removed 
the  next  day.     Examined  December  8,  showed  typical  disease. 

Inoculation  No.  2^^ — similar  to  22,  but  inoculations  made  just  in- 
>ulv  the  involucre.      Examined  DecemlKT  8  showed  typical  disease. 

Inoculation  No.  24 — similar  to  22,  but  upon  the  tip  of  the  bud. 
Covering  tube  removed  after  two  days.  Examined  I)eceml)er  8 
sliowed  typical  disease. 

Inoculation  No.  2i> — a  single  ray  from  a  diseased  flower  was  placed 
among  the  rays  of  a  flower  just  beginning  to  open.  They  were  left 
TiucNivercd.     Examination  December  8  showed  typical  disease. 

Inoculation  No.  20 — similar  to  25.  Covered  with  tube  as  in  22. 
Examination  I)ecemlK»r  8  showed  typical  disease. 

Inoculation  No.  27 — similar  to  22.  Examination  December  8 
showed  typical  disease. 

From  inoculations  Nos.  22,  23,  24  and  27  it  seems  evident  that  the 
protecting  of  the  inoculations  for  24  or  48  hours  from  evaporation 
lea<ls  to  greater  certainty  and  rapidity  of  infection.  Inoculations 
Xos.  25  and  26  go  to  show  the  lack  of  necessity  for  any  covering  when 
diseased  rays  are  used  with  which  to  inoculate.  It  is  possible  that 
the  mycfdinm  is  in  a  more  vigorous  condition  in  such  diseased  rays. 

Series  IV. 

Inoculations  made  Novemlx*r  30,  1906,  from  very  vigorously  grow- 
ing mycelium  from  a  plate  of  cowpea  agar. 

Inoculations  2H  to  SI — made  from  the  extreme  tip  of  the  mycelium 
taken  from  the  edge  of  the  colony.  Inoculation  made  under  the  outer 
rays.  Examination  December  8,  no  growth;  examination  Decem- 
Ikt  18,  all  show  typical  disease. 

Inoculations  32  to  3n — inoculating  material  taken  from  the  young- 
est dense  zone  in  the  colony.     Inoculated  as  in  28  to  31.     Examina- 
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tion  made  December  8,  no  growth;  examination  December  18,  all 
typically  diseased. 

Inoculations  S6  to  40 — inoculating  material  taken  from  the  center 
of  the  colony.  The  agar  being  full  of  old  dark,  thick  hyphse.  Ex- 
amined December  8,  all  showed  typical  cases  of  disease. 

It  seems  apparent  from  this  series  that  the  mycelium  from  the  older 
central  portions  is  capable  of  producing  quicker  infection  than  that 
from  the  outer  region  of  the  colony. 

KECOVERY  OF  FUNGUS  FROM  INOCULATED  HEADS. 

In  many  cases  rays  were  taken  from  the  heads  which  were  made 
diseased  by  inoculations,  and  these  rays  were  thrown  upon  Petri  dishes 
containing  solidified  pea  agar,  with  the  result  that  in  each  case  the 
petal  was  soon  the  center  of  a  pure  colony  of  the  fungus  identicirl 
with  that  used  in  the  inoculation. 

As  the  result  of  all  of  these  inoculations  it  seems  clear  that  the 
fungus  in  question  is  actually  the  cause  of  the  diseased  condition  of 
the  blossom;  that  it  can  gain  entrance  to  the  tissue  of  the  blossom 
much  more  easily  than  to  the  tissue  of  the  leaves,  petioles  and  stems, 
and  that  humidity  at  the  time  of  inoculation  favors  the  success  of 
the  inoculations. 

I  desire  to  acknowledge  my  indebtedness  to  J.  G.  Hall,  Assistant 
Pathologist,  for  the  illustrations  accompanying  this  article. 

Media  Used. 

Cowpea  Agar. — Five  hundred  grams  of  fresh  cowpea  pods  and 
contents  were  stewed  in  one  litre  of  water  for  one-half  hour,  drained, 
1  per  cent  agar  added,  autoclaved  at  110°  C.  and  filtered. 

Cowpea  Leaf  Agar, — Five  hundred  grams  of  cowpea  leaves  and 
petioles  were  stewed  in  one  litre  of  water  for  one-half  hour,  drained, 
1  per  cent  agar  added,  autoclaved  at  110°  C.  and  filtered. 

Pea  Agar. — Ten  garden  peas  were  autoclaved  with  one  litre  of 
water  for  one-half  hour,  drained,  1  per  cent  agar  added,  autoclaved 
at  110°  C.  and  filtered. 

Four  Per  Cent  Pea  Agar. — Four  per  cent  by  weight  of  dry  peas 
were  stewed  with  one  litre  of  water  for  one-half  hour,  drained,  1  per 
cent  agar  added,  autoclaved  at  110°  C.  and  filtered. 

Standard  Beef  Agar. — According  to  the  rules  of  the  American 
Public  Health  Association. 

Standard  Beef  Gelatine. — According  to  the  rules  of  the  American 
Public  Health  Association. 

Pure  Agar. — Agar  without  addition  of  nutrients,  1  per  cent  agar 
to  one  litre  of  water. 

Litmus-lactose  Agar. — Standard  beef  agar  with  the  addition  of  1 
per  cent  lactose  and  litmus  sufficient  to  color. 
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Lettuce  Agar, — Ten  grains  of  lettuce  leaves  and  petioles  "wete 
stewed  in  water  for  one-half  hour,  drained,  1  per  cent  agar  added, 
autoclaved  at  110°  C.  and  filtered. 

Boiled  Rice. — Two  grams  of  washed  rice  to  8  cc.  of  water,  tubed, 
autoclaved  at  110°  C. 

Boiled  Com. — Two  grams  of  washed  com  to  8  cc  of  water,  tubea, 
autoclaved  at  110°  C. 

OliLCOse  Agar  and  Starch  Agar. — Made  by  adding  percentages  indi- 
cated to  pure  agar  and  sterilizing  intermittently. 

Peptone  Agar. — ^By  adding  per  cent  indicated  to  pure  agar  and 
autoclaving  at  110°  C. 
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THE   EFFICIENCY  OF  PURE  CULTURE  INOCULATION 
FOR  LEGUMES. 


By  F.  L.  STEVENS  and  J.  C.  TEMPLE. 


HlSTORICxVL. 

The  knowledge  that  legumes  enrich  soil  is  very  old,  and  many  refer- 
ences to  that  power  occur  in  ancient  writings.  Pliny*  and  Vi%rro' 
both  refer  to  this  fact.  Root  tubercules  are  said  to  have  been  sc^en  ii^ 
early  as  1586.^  They  were  described  by  Malpighi*  in  1687,  yet  tha* 
this  enrichment  is  depend(^nt  upon  the  presence  of  the  tubercle  upou 
the  roots  was  iirst  made  evident  by  the  classical  experiments  of  llol- 
riegel  and  Wilfarth  about  1886."*  The  conclusions  of  these  pionet*r^ 
were  completely  verified  by  many  other  workers  between  1888  and 
1895.  Bacteria  were  first  seen  in  legume  root  tubercles  in  1866  by 
Woronin.®  Experiments  by  llellriegel'"'  in  1886  also  proved  that  tln^ 
tubercles  can  not  develop  in  sterile  soil,  but  that  if  an  infusion  from  a 
soil  in  which  peas  have  previously  grown  be  added  to  sterilized  soil, 
the  tubercle  will  then  develop  normally.  Ward^  later  saw  bacteria 
enter  the  root  hairs  and  root  tubercles  develop  at  this  point  of  iufet*- 
tion.  In  1888  Beyerinck^  isolate<l  and  cultivateii  the  root  tubercle  or- 
ganism upon  artificial  media.  In  1890  Prazmowski,**  and  since  then 
many  other  experimenters  have  produced  the  nodules  by  laboratory 
inoculations  with  pure  culture  of  the  root  tubercle  organism.  Since 
it  was  definitely  shown  that  the  tubercles  are  due  to  bacteria,  and  that 
the  value  of  the  legume  crop  is  dependent  upon  these  tubercles,  it  has 
been  the  constant  aim  of  bacteriologists  to  devise  some  successful 
means  of  inoculating  the  germ  into  field  soils  that  are  in  such  need. 


'A  very  complete  historical  resume  of  this  question  may  be  found  in  Cent, 
f.  Bak.  Par.  u.  Inf.  II,  18  289,  by  Dr.  Gino  de'Rossi. 

'  Historia  naturalis,  LVIII. 

*De  re  rustica,  I.  23. 

'Delechamps,  Historia  generalis  plantarum. 

^ Opera  omnia.  Anatomia  Plantarum.    Pars  II.  De  gullis. 

*Hellriegel  Welche  Stickstoffquellen  stehen  der  Piianzen.  zu.  Gebote  (Tage^ 
blatt  der  59,  Vers.  d.  Nat  u.  Aerzte  in  Berlin,  1886,)  and  Hellriegel  and  Wilfarth. 
Untersuchung^en  uber  die  Stickstoffnahrung  der  Gramineen  and  I^guminosen  ( He- 
ilageheft  zu  der  Zeit.  des  Vereins  fur  Rubenzuckerindustrie  des  Deutschen  Rei- 
ches.)     Berlin,  1888. 

«Mem.  d.  P.  Acad.  dup.  d.  Sciences,  St.  Petersburg  VII,  1866,  2. 

7  Phil.  Trans.  Roy.  Soc.  London  178,  1887. 

®die  Bakterien  der  Papilionaceenknollchen.     Bot.  Zeit.,  1888. 

•Landw.  Versuchst.  1890,  37  161. 
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Field  Inoculations. 

Many  successful  field  inoculations  have  been  made  into  soil  defi- 
cient in  root  tubercle  bacteria.  Salfeld*  in  Grennany  in  1887,  Fru- 
wirth*  of  Germany  in  1893,  Schniftes'  of  Germany  in  1894,  Otis*  of 
Kansas  in  1898,  Duggar"  of  Alabama  in  1897,  made  inoculations  by 
using  for  such  purpose  soil  that  had  previously  produced  good  crops 
of  legumes. 

Objections  to  Soil  as  Medium  for  Inoculation. 

The  eflBciency  of  soil  in  which  appropriate  legumes  have  grown  as 
a  medium  for  inoculation  is  imquestioned.  It  possesses,  however,  cer- 
tain disadvantages. 

1.  It  is  heavy  and  cumbersome  and  therefore  expensive  to  transport 
to  any  distance  in  quantity  sufficient  for  extensive  use. 

2.  Unless  due  care  be  exercised  there  is  danger  of  transporting  at 
the  same  time  seeds  of  noxious  weeds ;  particularly  is  this  true  in  the 
case  of  clovers  or  alfalfa,  which  may  be  infested  with  dodder. 

3.  There  is  great  danger,  especially  in  the  Southern  States,  of 
carrying  infective  material  of  some  of  the  many  serious,  invincible 
soil  diseases,  such  as  the  wilts  of  cotton,  cowpea,  tobacco  or  melons. 
There  is  danger  of  conveying  nematodes,  which  cause  the  root  knot  on 
p<^)  many  crops  in  Southern  soils. 

When  Inoculation  is  Necessary  or  Desirable. 

Extravagant  claims  have  been  made  by  some  who  are  interested  in 
selling  material  with  which  to  inoculate.  Soil  inoculation  is  by  no 
means  always  necessary  or  even  beneficial.  Inoculation  is  desirable 
and  highly  beneficial  when  the  germ  appropriate  to  the  crop  plant  is 
absent  from  the  soil,  e.  g.,  in  regions  where  alfalfa  has  not  been 
grown,  it  is  often  necessary  to  inoculate  with  alfalfa  soil  in  order  to 
secure  tubercles  and  a  good  yield.  Similarly  where  cowpeas  have 
not  been  grown,  cowpea  soil  can  be  used  to  advantage.  Where  cow- 
peas  or  alfalfa  now  grow  successfully  or  in  a  r^on  where  they  will 
grow  successfully  with  tubercles  in  plenty  upon  their  roots,  inocula- 
tion is  unnecessary. 

The  advisability  of  inoculation  is  indicated  in  the  case  of  any  legu- 
minous crop,  where  the  crop  in  question  fails  to  produce  tubercles 
properly  upon  any  given  field. 

'Storer's  Agriculture  11.,  1897,  105. 

'  Deut.  Lftndw.  Preaae  XVIH,  127,  cited  bv  Chester  Bull,  98  Pa.  Dept.  of  Agri- 
culture, 1902. 
'Cited  by  Chester. 

*The  Industrialist,  Kan.  Ag.  Col.,  24,  1898,  363. 
»Ala.  Exp.  Station  Bull,  76. 
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Inocui.ation  by  Pube  Cultures. 

As  stated  above,  pure  cultures  have  been  many  times  used  in  labora- 
tory inoculations,  and  repeated  attempts  have  been  made  to  extend 
their  use  to  the  field.  Nobbe  and  Hiltner,  in  1896,  prepared  pure 
cultures  of  the  root  tubercle  organisms,  which  were  placed  on  sale 
under  the  commercial  name  of  Nitragin.  This  substance  was  exten- 
sively tried  in  Germany  and  America.  In  many  instances  there  was 
marked  benefit  from  its  use,  and  in  many  other  cases  no  benefit  re- 
sulted. The  frequent  failure  to  benefit  may  be  partially  attributed 
to  the  use  of  Nitragin  on  soils  already  well  inoculated,  and  therefore 
not  in  need  of  inoculation.  In  part,  also,  it  was  probably  due  to  a 
variation  in  vigor  or  vitality  of  the  cultures.  Probably  many  cul- 
tures when  used  were  no  longer  alive.  In  any  event,  Nitragin  fell 
into  disuse. 

Another  attempt  to  attain  the  ideal  distribution  of  pure  cultures 
of  the  root  tubercle  organism  in  form  suitable  for  practical  field 
inoculation,  was  made  by  workers  in  the  United  States  Department  of 
Agriculture,  and  the  goal  was  thought  to  have  been  reached.  It  was 
claimed  that  not  only  were  these  workers  able  to  cultivate  the  or- 
ganism (as  many  had  done  before),  but  that  they  were  able  by  special 
methods  to  increase  its  nitrogen  gathering  efficiency,  and  further,  thai 
they  were  able  to  successfully  distribute  their  cultures  of  bacteria,  of 
heightened  virulence,  in  dry  form  upon  cotton  so  as  to  be  of  practical 
use  to  the  farmer.  The  claims  seem  to  have  been  prematurely  set 
forth,  possibly  hastened  by  an  unfortunate  magazine  or  newspaper 
notoriety.  Results  have  shown  that  notwithstanding  the  frequent  suc- 
cess in  the  use  of  such  cultures  they  can  not  be  depended  upon  with 
such  certainty  as  to  warrant  their  general  use,  and  this  method  of 
distributing  the  germ  has  been  discontinued  by  the  Bureau  originally 
issuing  the  cultures  and  another  substituted  in  its  stead. 

The  Method  of  Liquid  Cultures. 

The  present  method  of  the  United  States  Department  of  Agricul- 
ture consists  in  the  issuance  of  cultures  in  liquid,  hermetically  sealed 
in  glass.  With  the  history  of  inefficiency  and  unreliability  of  the 
method  of  distribution  of  cultures  in  dried  form  upon  cotton  in  mind, 
it  was  deemed  wise  to  make  a  test  of  the  present  method.  To  this  end 
cultures  were  received  through  the  courtesy  of  the  National  Bureau  of 
Plant  Industry.  These  cultures  were  received  in  May,  1906,  and  the 
labels  indicated  that  the  alfalfa,  vetch,  Canada  field  pea  and  red 
clover  were  to  be  used  before  July  1st,  the  sweet  pea  and  bean  before 
July  15th.     None  were  marked  with  earlier  dates  of  limit  of  utility. 

Viability  of  the  Liquid  Cultures. 

In  order  to  ascertain  the  approximate  number  of  living  bacteria  in 
the  liquid  cultures  of  bean,  cowpea,  Canada  field  pea.  .f^^ft  pea,  red 
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clover  and  vetch,  the  cultures  were  opened  with  precautions  to  avoid 
contamination  or  injury  on  May  28,  1906,  and  one  cubic  centimeter 
withdrawn  with  a  sterile  pipette.  This  was  diluted  with  sterile 
water  to  1  to  100,  1  to  1,000  and  1  to  10,000,  and  plated  in  standard 
beef  agar  at  a  temperature  below  45°  C.  Count  of  the  colonies  was 
made  on  the  third  and  seventh  days  with  the  following  results : 
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It  seems  clear  from  this  table  tliat  the  cultures  of  cowpea,  sweet  pea, 
red  clover  and  vetch  were  sterile,  while  alfalfa,  bean  and  Canada  field 
pea  contained  germs  in  abundance.  It  is  to  be  noted  that  there  is  no 
correspondence  between  the  presumable  age  of  the  culture  as  indicated 
by  its  label  and  the  prevalence  of  germs  in  it 
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The  colonies  which  did  appear  were  quite  uniformly  one  species 
and  seemed  to  be  those  characteristic  of  the  root  tubercle  organism, 
though  through  the  pressure  of  the  other  work  no  further  laboratory 
study  was  made  of  the  organism. 

Purity  of  the  Cultures  After  Multiplication. 

A  portion  of  the  contents  of  each  tube  which  was  tested,  as  re- 
corded in  the  last  paragraph,  was  placed  in  water,  with  the  nutrient 
salts  furnished  us  with  the  cultures,  precisely  as  indicated  and  in 
the  proportions  indicated  in  the  printed  slip  of  directions  accompany- 
ing the  cultures,  with  the  exception,  however,  that  the  utensils  em- 
ployed were  much  cleaner  than  would  ordinarily  be  used  in  farm 
practice.  At  the  end  of  two  days,  the  time  indicated  in  the  directions 
for  their  use,  these  multiplying  cultures  were  in  violent  fermentation, 
and  microscopic  examination  revealed  the  presence  of  many  species  of 
bacteria  and  yeasts,  as  well  in  those  which  plating  had  ehown  to  be 
sterile  as  in  those  which  originally  possessed  bacteria.  The  evi- 
dence was  that  these  multiplying  cultures  were  seriously  and  grossly 
contaminated.  Whether  the  root  tubercle  organism  in  such  cases  as 
they  were  alive  could  survive  the  severe  competition  occurring  in 
such  a  contaminated,  mixed  culture  is  a  serious  and  practical  question. 

Pot  Experiments. 

The  practical  question  is  whether  these  liquid  cultures  can  be  de- 
pended upon  to  produce  tubercles  upon  appropriate  legumes  in  soils 
devoid  of  root  tubercle  bacteria.  To  test  this  point,  the  following 
experiments  were  planned  and  carried  out 

A  soil  consisting  of  equal  parts  of  sand  and  red  clay,  well  mixed  and 
sifted  through  a  sieve  of  one-sixteenth  inch  mesh,  was  weighed  into 
six  inch  flower  pots,  1,500  grams  to  each  pot  Half  of  the  pots  was 
sterilized  by  heating  for  one  hour  in  the  autoclave  at  120°,  the  re- 
maining half  was  not  sterilized.  The  pots  were  arranged  in  series  of 
five  each,  and  each  series  was  supported  in  a  separate  wooden  trough, 
out  of  contact  with  others.  In  the  case  of  inoculated  pots,  all  in  a 
given  series  were  treated  with  the  same  culture. 

The  series  comprised  the  following  combinations,  each  in  sterile 
and  non-sterile  soils,  and  each  series  consisting  of  five  separate  pots: 

Cowpea  4-  cowpea  organism.  Vetch  -|-  vetch  organism. 

Cowpea  +  0  organism.  Vetch  -j-  0  organism. 

Cowpea  4-  vetch  organism.  Vetch  -|-  cowpea  organism. 

Cowpea  4-  bean  organism.  Vetch  4-  bean  organism. 

Cowpea  -f  alfalfa  organism.  Vetch  -|-  alfalfa  organism. 

Canada  field  pea  +  Canada  field  pea  Alfalfa  -f  alfalfa  organism. 

organism.  Alfalfa  -t-  0  organism. 

Canada  field  pea  -f  0,  organism.  Alfalfa  -j-  cowpea  organism. 

Canada  field  pea  -f  cowpea  organism.  Alfalfa  4-  vetch  organism. 

Canada  field  pea  +  vetch  organism.  Alfalfa  +  bean  organism. 

Canada  field  pea  +  alfalfa  organism.  Sweet  pea  +  sweet  pea  organism. 

Canada  field  pea + sweet  pea  organism.  Sweet  pea  -j-  ^  organism. 

Sweet  pea  -|-  Canada  field  pea  organism. 

^  Digitized  by  ^^Ui!>^lt: 
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All  seeds  were  treated  for  two  hours  with  4  per  cent  formalin  to 
kill  any  ordinary  root  tubercle  organism  present.  Three  modes  of 
inoculation  were  employed :  (1)  Upon  the  surface  of  the  soil  in  pot  1 
was  poured  a  portion  of  the  culture  just  as  received  from  Washington, 
indicated  in  the  table  as  ^'direct."  (2)  To  pots  2  and  3  were  added 
portions  of  a  multiplying  culture  made  by  following  as  precisely  as 
possible  the  printed  directions  accompanying  the  culture,  indicated 
in  tables,  as  "according  to  directions."  (3)  To  pots  4  and  5  were 
added  portions  of  the  multiplying  culture  mixed  with  a  small  quantity 
of  soil,  indicated  in  tables  as  "Mixed  with  soil."  All  inoculations 
were  made  at  the  time  plants  showed  above  soil. 

Since  the  soil  was  very  poor  in  nutriment,  food  materials,  omitting 
nitrogen,  were  supplied  by  an  application  of  a  modified  Knop  solu- 
tion.^ During  the  growing  period  300  cc.  was  added  to  each  pot. 
The  pots  were  watered  daily  with  tap  water  unless  the  rainfall  was 
ample.  Toward  the  close  of  the  growing  season  the  plants  were  care- 
fully removed  from  the  pots,  the  earth  washed  away,  great  care  being 
taken  to  loosen  no  tubercle,  and  the  tubercles  that  had  developed  in 
each  pot  were  counted  and  recorded.  The  results  of  these  inocula- 
tions are  exhibited  with  comments  below : 

TABLE  1. — Showing  Number  of  Tdbbrclrs  in  Stbrilb  Soil  Inoculated  with 
Germ  Appropriate  to  the  Plant. 


Plant  Used  and 
Organism  Added. 

Potl 
Direct. 

Pots  2  and  3 
According  to 
Directions. 

Pots  4  and  5 

Mixed  with 

Soil. 

Total. 

Average. 

22a,  Sweet  pea  -I-  sweet  pea 
17a,  Alfalfa  +  alfalfa  .... 
i2a,  Vetch  -f  vetch 

la,  Ck)wpea.4-  cowpea  -. 

6a,  Canada  field  pea  4- 
Canada  field  pea'-... 

0 

0 

0 

17T 

0       0 
7B«    IB 
0        0 
54B     0 

0       0 

0      10 

0      21 

60B     7T 

0 

18 

21 

138 

66 

0 

8  + 
43  + 
27 

233 

TABLE  2. — Showing  Number  of  Tubbrglbb  in  Sfbrile  Soil  Uninoculated. 


Plant  Uaed  and 
Organism  Added. 

Potl 
Direct. 

Pots  2  and  3 

According  to 

Directions. 

Pots  4  and  5 

Mixed  with 

Soil 

Total. 

Average. 

23a,  Sweet  pea  +  0 

18a,  Alfalfa +  0 

0 
0 
0 
3 

0    llOB 
0        1 
6        0 
12        2 

60B     31B 
0         0 
0         0 

38TB  30TB 

102 
1 
6 

86 

60 
244 

20  + 
1 

13a,  Vetch  +  0 

1  + 
17 

2a,  Cowpea  +  0. 

7a,  Canada  field  pea  +  0 
All  methods 

10 

'  Water  1000  cc.,  calcium  phosphate,  calcium  sulfate,  potassium  sulfiEite,  magne- 
sium sulfate,  one  gram  each,  iron  chloride,  trace. 

'  B  signifies  that  most  of  the  tubercles  were  of  the  bottom  of  the  pot,  near  or 
outside  of  the  drainage  opening.  T  indicates  that  most  of  them  were  at  the  top 
of  the  soil. 

'In  the  case  of  the  Canada  field  pea  the  number  of  tubercles  from  each  pot  was 
not  kept,  the  total  only  beins:  recorded. 
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On  comparing  Tables  1  and  2  it  is  seen  that  by  using  sterile  soil  the 
only  significant  gain  from  inoculation  was  in  the  case  of  cowpeas,  the 
average  rising  from  17  iminoculated,  to  27  inoculated.  In  both  in- 
stances the  majority  of  the  tubercles  were  at  either  the  bottom  or  the 
top  of  the  pot,  therefore  presumably  from  aerial  infection  from  the 
adjoining  fields,  which  are  known  to  be  thoroughly  inoculated  with 
the  variety  of  germ  appropriate  to  this  pla»t  The  abundance  of 
nodules  on  the  uninoculated,  sterile,  sweet  pea  pots  is  due  to  the  same 
cause,  aereal  infection,  the  nodules  nearly  all  being  at  the  bottom  of 
the  pot.  There  is  no  essential  difference  between  the  pots,  due  to  the 
different  modes  of  inoculation  employed. 

TABLE  3. — Showing  Number  of  Tubercles  in  Non-Sterile  Soil  Inoculated 
WITH  Germ  Appropriate  to  the  Plant. 


Plant  Used  and 
Organism  Added. 

Potl 
Direct. 

Pots  2  and  3 

According  to 

Directions. 

Pots  4  and  5 

Mixed  with 

Sou. 

Total. 

Average. 

17b,  Alfalfa  +  alfalfa 

12b,  Vetch  +  vetch 

6b,  Canada  field  pea  + 
Canada  field  pea 

lb,  Cowpea  +  cowpea  —  . 

55 
100 

_____ 

10         9 
100        35 

'86'   "26" 

8    — _ 
60      50 

"so"  "eo" 

82 
345 

55 
171 
653 

20 
69 

5 

34  + 

TABLE  4. — Showing  Number  of  Tubercles  in  Non-Sterile  Soil  Uninoculated. 


Plant  Used  and 
Organism  Added. 

Potl 
Direct. 

Pots  2  and  3 

According  to 

Directions. 

Pots  4  and  5 

Mixed  with 

Soil. 

Total. 

Averojge. 

18b,  Alfalfa  +  0  . 

20 
70 

'36' 

12      55 
68      60 

47'  "66" 

10      36 
40      35 

'56"  "52' 

133 
273 
80 
245 
741 

26  + 
54  + 
8 
49 

13b,  Vetch -f- 0 

7b,  Canada  field  pea  -|-  0 
2b,  Cowpea  4-  0_ 

From  Tables  3  and  4,  experimenting  upon  non-sterilized  soil,  there 
is  no  significant  increase  in  the  number  of  tubercles  from  inoculation. 
The  vetch  roots  bore  slightly  more  when  inoculated,  and  the  cowpea 
roots  more  when  not  inoculated.  Both  variations  were  small  and 
inoculations  were  doubtless  without  effect.  There  is  no  real  differ- 
ence in  the  results  from  different  modes  of  inoculation. 

TABLE  5. — Showing  Numbbr  op  Tubercles  in  Sterile  Soil. 


Plant  Used  and 
Organism  Added. 


21a,  Alfalfa  +  bean  __. 
20a,  Alfalfa -h  vetch... 
19a,  Alfalfa  +  cowpea _ 


Potl 
Direct. 


Pots  2  and  3 1  Pots  4  and  5 
According  to  Mixed  with 
Directions.  Soil. 


0 
0 
1 
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Total.    I  Average. 
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TABLE  6. — Showing  Numbbb  op  Tubbrclbb  in  Non-Stbrilb  Soil. 


Plant  Used  and 
Organism  Added. 


Potl 
Direct. 


Pot82and3 

According  to 

Directions, 


Pots  4  and  5 

Mixed  with 

Soil. 


Total. 


Average. 


21b,  Alfalia  +  bean 

20b,  Alfalla+ vetch 

19b,  Alfalfa  -f  cowpea.... 


35 
16 


14 
45 
24 


21 
41 
80 


45 
40 
16 


23 

2d 

9 


tt6 

186 

95 

417 


27 -h 
37  + 
19  + 


Tables  5  and  6  indicate  clearfy  that  the  germ  needed  for  alfalfa 
was  present  in  the  soil  employed  and  that  inoculation  with  the  bean^ 
vetch  or  cowpea  onanisms  was  ineffective  in  producing  tubercles. 
Compare  also  iiie  alfalfa  entry  of  Tables  1  and  2,  showing  that  the 
alfalfa  g&rm  was  no  more  effective  than  any  of  the  other  germs  for 
tha  nlf alf a  plant.  The  close  agreement  between  the  individual  alfalfa 
pots  lends  strength  to  these  conclusions  and  indicates  that  none  of  the 
various  methods  of  inoculation  employed  are  effective. 

TABLE  7. — Showing  Number  of  Tubrbclbs  in  Sterile  Soil. 


Plant  Used  and 
Organism  Added. 


16a,  Vetch  +  alfalfa 

15a,  Vetch  -j-  heaxk 

14a,  Vetch  4*  cowpea 


Potl 
Direct. 


Pots  2  and  3 

According  to 

Directions 


22 

37B 

0 


87B     0 
49B   35B 
25B   66B 


Pots  4  and  5 

Mixed  with 

Soil. 


72T    -._. 
3B      1 
8B      0 


Total. 


181 

125 

99 

405 


Average. 


45-1- 
25 
19  + 


TABLE  8. — Showing  Number  op  Tubercles  in  Non-Sterile  Soil. 


Plant  Used  and 
Organism  Added. 

Potl 
Direct. 

Pots  2  and  3 

According  to 

Directions. 

Pots  4  and  5 

Mixed  with 

Soil. 

Total. 

Average. 

I6b,  Vetch  +  alfalfa 

15b,  Vetch  +  bean 

14b,  Vetch  -h  cowpea 

90 
35 
36 

57        85 
45      110 
55        40 

ST)        37 
63        32 
26        45 

304 
285 
202 

791 

60  + 
57 
40 -h 

Tables  7  and  8  show  a  decidedly  larger  number  of  tubercles  on 
the  non-sterile  soil.  The  few  that  were  present  in  the  sterile  pots 
were  at  the  top  or  bottom  and  hence  were  derived  presumably  by 
aereal  infection.  These  tables  indicate  that  the  bean,  cowpea  and 
alfalfa  cultures  were  ineffective  on  vetch. 
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TABLE  9. — Showing  Nuicber  of  Tubbbclxs  in  SrERiLii  Soil. 


Plant  Used  and  Organism  Added. 

All  Methods 

Average. 

0 

0 

10 

26 

0 

10a,  Canada  Field  Pea  +  alfalfa ...    . 

0 

9a,  Canada  Field  Pea  +  vetch - 

2 

8a,  Canada  Field  Pea  +  cowpea 

5  + 

TABLE  10. — Showing  Nuicbbr  of  Tubbrcleb  in  Non-Stbrile  Soil. 


Plant  Used  and  Oigaanibin  Added. 

All  Methods 

Average. 

lib,  Canada  field  pea  +  sweet  pea.  ^ _.   

lObi  Canada  field  pea  +  alfalfa  

9b,  Canada  field  pea  +  vetch  _.-     

8b,  Canada  field  pea  4*  cowpea.                 _  . 

134 
20 
48 
85 

26  + 

4 

9  + 
17 

Tables  9  and  10  indicate  a  lack  of  efficiency  of  the  variouB  cultures 
to  produce  nodules  on  the  Canada  field  pea,  while  the  great  number  of 
tubercles  in  the  non-sterilized  pots  shows  the  presence  of  the  organism 
in  the  soil  employed. 

TABLE  11.— Showing  Number  oe  Tubercles  in  Sterile  Soil. 


Plant  Used  and  Organism 
Added. 

!>>-».   A-o^lngU> 

Mixed  with 
Soil. 

Total. 

Average. 

5a,  Cowpea  -|-  alfalfa 

4a,  Cowpea  +  bean 

8a,  Cowpea  +  vetch 

4 
16« 

80^       7 

86TB 

21        90*^^ 

— -    3 

27*^     10 
e^SOBggSOB 

94 
134 

213 

447 

28. 5 
34  + 
53  + 

TABLE  12.— Showing  Number  of  Tubercles  in  Non-Sterile  Soil. 


Plant  Used  and  Organism 
Added. 

Direct. 

According  to 
Directions. 

Mixed  with 
Soil. 

Total. 

Average. 

5b,  Cowpea  +  alfalfa 

4b,  Cowpea  +  bean 

8b,  Cowpea  +  vetch 

21 
86 
60 

75        66 
69        36 
55        55 

35        35 
85        25 
46        74 

222 
316 
290 
828 

44  + 

eo  + 
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Tables  11  and  12  indicate  lack  of  effectiveness  of  the  cultures. 
Table  11  shows  aereal  infection. 

From  a  general  summary  of  all  the  tables  we  find  the  following: 
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Namber  of  Tubercles 
per  P«»t 

Sterile  Soil  appropriately  inoculated 9.32 

Sterile  Soil  not  inoculated 9.76 

Non-sterile  soil  inoculated i ..  34.98 

Non-sterile  soil  not  inoculated. 37.05 

Pot  No.  1  inoculated  direct ..  24.18 

Pots  Nos.  2  and  3  inoculated  according  to  directions .  33  22 

Pots  Nos.  4  and  5  inoculated  by  soil 24.39 

It  seems  throughout  these  tests  that  there  is  no  essential  diflference 
in  results  from  the  different  methods  of  inoculation  employed.  The 
general  presence  of  tubercles  upon  all  plants  in  non-sterile  soil  shows 
the  presence  of  proper  germs  in  the  soils  employed.  There  is  a  gen- 
eral lack  of  infection  in  sterile  soil  with  alfalfa  and  Canada  field  pea, 
indicating  a  relative  rarity  of  those  germs  in  the  air.  These  crops  are 
not  grown  in  the  immediate  vicinity. 

There  are  many  tubercles  even  in  sterile  soil  on  vetch  and  cowpea, 
due  to  aereal  infection  of  the  soil.  This  indicates  an  abundance  of 
these  organisms  in  the  air.  These  plants  grow  in  abundance  in  ad- 
joining fields. 

The  abundant  aereal  infection  of  these  two  crops,  which  are  com- 
monly grown  here,  and  the  slight  aereal  infection  of  crops  not  grown 
here,  points  strongly  to  the  varietal  independence  of  the  organisms,  to 
the  special  adaptability  of  the  organisms  to  special  crop  plants. 

Summary. 

The  facts  as  detailed  are — 

That  many  of  the  cultures  when  received  were  devoid  of  live  organ- 
isms of  any  kind,  as  is  shown  on  page  50. 

That  in  multiplying  the  cultures,  even  imder  cleanly  laboratory 
conditions,  there  is  gross  contamination  by  molds,  yeasts  and  foreign 
bacteria.     (See  page  51.) 

That  in  the  pot  experiments  there  was  rarely  any  increase  in  the 
number  of  tubercles  due  to  inoculation.  The  cultures  here  used  were 
obtained  directly  from  the  National  Department  of  Agriculture,  and 
were  fresh.  They  were  probably  of  as  good  quality  as  is  to  be  ob- 
tained and  were  presumably  superior  to  the  commercial  cultures  upon 
the  market. 

While  the  number  of  tests  here  recorded  is  not  large,  it  is  to  be 
noted  that  these  tests  were  made  under  circumstances  highly  favorable 
to  the  cultures,  and  it  is  a  reasonable  supposition  that  failure  would 
be  more  liable  to  occur  in  actual  farm  practice  than  in  these  pot  tests. 

It  therefore  appears  that  the  method  of  inoculation  with  liquid 
cultures,  as  at  present  prepared,  is  uncertain  and  unreliable,  and 
not  to  be  recommended  as  a  substitute  for  the  method  of  inoculation 
with  soil  containing  the  appropriate  organisms. 

NOTS  -^Inee  wiittog  the  above.  Farmers  Bulletin  815,  "  Pmflfrew  In  Legume  Tnncnlu- 
1100**  of  the  U.  8.  Department  of  Agrionlture  has  come  to  hand,  and  our  conrluRion  that 
looralatlon  by  liquid  culture  is  not  reliable,  seems  to  us  to  be  supported  by  the  fnci  appenr- 
ing  in  that  bulletin  since  out  of  4296  inoculations  made  by  farmers  in  many  Hectfons  i»f  the 
United  Btates  2087  were  of  doubtfiil  results  and  only  1770  were  successeM,  or  less  thsri  50  per 
cent.  We  wish  again  to  emphasise  the  dangers  of  inoculation  »>y  s  tils  a*  set  forth  above 
(page  48)  and  on  page  14  of  Farmers  Bulletin  315  end  to  call  attention  to  the  necessary  pre- 
caatton  of  knowing  the  origin  of  the  soil  to  be  employed  for  inoculation  purposes. 


58  THIRTIETH  ANNUAL  REPORT,  1907. 


NOTES  ON  PLANT  DISEASES  OCCURRING  IN  NORTH 

CAROLINA. 


By  F.  L.  STEVENS  and  J.  Q.  HALL. 


Alfalfa;  Dodder  {Cuscuta)  was  reported  as  bad  in  Mecklenburg 
County.  This  disease  has  been  reported  from  Jackson  and  Orange 
counties  as  well. 

Apple,  the  Fly  Speck,  and  the  Sooty  Mold  are  very  prevalent 
on  nearly  all  apples  exhibited  for  sale  on  the  Raleigh  markets,  mak- 
ing them  extremely  unsightly  and  diminishing  their  market  value. 

Apple  Root  Rot  (Clytocybe). — This  toad  stool,  growing  upon  the 
roots  of  apple  trees,  caused  their  death  in  Haywood  County,  being 
especially  bad  in  young  orchards. 

Apple  Blight  (Bacillus)  is  prevalent  throughout  the  State.  It 
has  now  been  recorded  from  more  than  half  the  counties  of  the  State. 
It  was  noted  in  especially  severe  form  this  year  in  Transylvania 
County. 

A  very  destructive  outbreak  in  a  rather  unusual  form  also  ocdirred 
at  Waynesville,  Haywood  County.  In  an  orchard  of  eighty  trees 
nearly  forty  were  seriously  attacked.  In  some  iuatances  the  tip  of 
the  twig  died  from  the  end  backward  with  a  blackening  of  the  cam- 
bium. The  most  common  symptom,  however,  was  a  blackening  of 
the  bark  in  the  crotches  of  the  branches,  which  was  of  such  nature  as 
to  call  forth  the  i»mon  name,  ^Hhe  dry  rot,"  from  the  owner.  The 
blackening  characteristic  of  the  bark  prevailed  to  a  distance  of  several 
inches  from  the  point  of  infection.  So  abundant  were  the  diseased 
spots  on  the  trees  that  the  trees  were  deemed  worthless.  Microscopic 
examination  revealed  cells  full  of  the  characteristic  bacilli. 

Apple  Fire  Blight,  followed  by  Sphceropsis  and  Coniofhy- 
rium. — Several  specimens  have  come  to  hand  this  year,  notably  from 
Rutherford  and  Vance  counties,  which  have  all  the  appearance  of 
being  typical  fire  blight.  The  bark  was  shriveled  and  hard  in  the 
affected  portions;  the  boundary  between  tlie  diseased  parts  and 
healthy  parts  was  sharp,  and  longitudinal  cracks  were  apparent  there, 
due  to  the  unequal  tension  caused  by  the  continued  growth  in  the 
healthy  bark.  The  cambium  and  often  the  wood  was  blackened  in 
the  manner  characteristic  of  this  disease. 

Unlike  the  ordinary  fire  blight  these  twigs  were  thickly  set  with 
pycnidia.  These  pycnidia  proved,  upon  examination,  to  be  in  many 
instances  Spha^ropsis,  and  in  many  other  instances  Coniothyrium, 
while  occasionally  other  fungi  were  present.  The  most  frequent 
pycnidial  forms,  however,  were  Sphseropsis  and  Coniothyrium.  Upon 
close  examination  it  seemed  apparent  that  the  death  of  the  twig  was 
caused  by  the  usual  fire  blight,  and  these  other  fungijpollowed  almost 
immediately  as  saprophytes  upon  the  dead  twig. 
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The  presence  of  these  two  fungi  in  such  abundance  upon  the  twigs 
is  significant,  since  it  shows  that  twigs  dead  of  the  blight  may  serve 
as  a  multiplying  and  breeding  ground  for  these  two  fungi,  which  are 
so  destructive  to  fruit  in  other  seasons  of  the  year. 

The  fire  blight  is  bad  enough  on  its  own  account,  but  in  the  light 
of  the  facts  just  related  it  becomes  doubly  important  to  cut  out  and 
bum  all  of  the  fire  blight  as  soon  as  it  appears,  in  order  to  minimize 
the  possibility  of  the  dead  twig  produced  by  the  fire  blight  serving 
to  spread  these  other  rot-causing  fungi. 

Apple  Cbown  Gall  has  been  heard  of  during  this  year  from 
Lenoir  and  Kowan  coimties,  in  spite  of  the  efforts  made  to  prevent  its 
distribution.     It  is  now  known  in  fifteen  counties  of  the  State. 

Apple  Black  Eot  (Sphcm'opsis). — ^A  peculiar  condition  of  this 
disease  was  noted  in  specimens  received  from  Vance  county,  consist- 
ing of  a  complication  of  the  blight  with  the  black  rot  fungus.  (See 
Apple  Blight). 

Apple  Black  Eot  (Sphceropsis)  was  found  abundantly  upon 
twigs  sent  to  the  Station  from  Rutherford  and  Vance  counties. 

Apple  {Coniothyrium). — This  fungus  was  in  several  instances 
found  causing  a  rot  of  the  apple. 

Apple  {Vollutella). — A  rot  due  to  this  fungus  was  collected  at 
several  points  in  the  State. 

Apple  Leaf  Spot  (Phyllosicta  spf), — This  disease  is  the  worst 
with  which  the  apple  growers  of  the  western  section  of  the  State  have 
to  contend.  While  the  disease  is  very  widespread  and  probably  occura 
in  every  county  of  the  State,  its  damage  is  comparatively  insignificant 
east  of  the  mountain  section,  although  specimens  of  it  have  heretofore 
been  received  from  Halifax,  Kockingliam,  Wake,  Alamance  and  Guil- 
ford counties.  It  was  noted  this  summer  in  a  specially  destructive 
form  in  McDowell,  Madison,  Buncombe,  Henderson,  Haywood,  Tran- 
sylvania, Jackson,  Macon,  Graham,  Clay  and  Cherokee  counties. 
This  is  the  one  disease,  more  than  any  other,  that  necessitates  spray- 
ing of  apples  in  the  mountain  section.  It  is  fortunately  compara- 
tively easy  to  control  by  this  means. 

Apple,  Bitteb  Eot  {Olocosporium), — Complaints  of  bitter  rot  of 
apple  were  received  from  Polk  county.     It  was  estimated  that  then 
was  thirty  per  cent  loss  there  from  this  disease. 

Apple  Rust  (Gymrwsporangium). — This  disease  was  most  preva- 
lent, as  usual,  in  the  Piedmont  section.  In  the  mountain  section 
there  is  much  less  of  it.  In  only  one  commercial  orchard  was  much 
damage  noted,  and  this  was  attributable  to  neighboring  cedar  trees. 
Some  rust  was  noted  in  Jackson,  Transylvania  and  Burke  counties. 
The  general  appearance  of  this  rust,  as  it  occurs  on  the  lower  side  of 
apple  leaves,  is  shown  in  Fig.  18. 

Apple  Scab  (Fusicladium)  prevails  throughout  the  State  on  un- 
sprayed  orchards.  Digitized  by  ^uOglc 
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Asparagus  Eust  {Puccinid) 
was  very  abundant  in  Wake  and 
in  Warren  counties. 

Aster  EusT  {Coleosporium). — 
A  rust  due  to  Coleosporium  af- 
fected cultivated  asters  grown  in 
West  Ealeigh  to  a  very  serious  ex- 
tent. The  under  sides  of  the 
leaves  become  very  thickly  dotted 
with  spots  of  spores.  Shortly  after 
the  appearance  of  the  spores  the 
leaves  shrivelled,  and  in  many  in- 
stances the  plant  died  as  a  result  of 
the  attack. 

Bean  Anthbacnose  {Colletot- 
richum). — This  disease  prevails 
throughout  the  whole  coastal  sec- 
tion from  Norfolk  to  Wilmington, 
the  damage  often  ranging  from 
fifty  to  seventy-five  per  cent  of 
the  crop.  It  develops  with  great 
rapidity  on  the  pods  after  they  are 
picked,  and  beans  which  are  placed 
in  the  car  in  apparently  healthy 
condition  may  arrive  on  the  North- 
em  markets  badly  spotted,  thus 
greatly  depreciated  in  market 
value. 

Bean  Blight  (Phyiophihora) 
was  noted  in  Wake  county,  the 
damage  being,  however,  slight. 

Beets;  Leaf  Spot  {PhyUosticta)  was  noted  on  beets  grown  in 
cold  frames  at  Wilmington.     Damage  was  slight. 

Boston  Ivy. — This  plant,  as  usual,  was  abundantly  affected  with 
PhyUosticta,  the  same  which  forms  the  conidia  stage  of  the  black  rot 
of  the  grape. 

Cabbage  and  Collard  Yellow  Side,  reported  from  Halifax 
county  as  causing  75  per  cent  loss.  This  is  very  widespread  in  this 
State. 

Cabbage  Club  Eoot  (Plasmcdiophora)^  reported  from  Kinston, 
Lenoir  county,  and  also  from  Bertie  and  Eobeson  counties.  It  has 
also  been  reported  from  Franklin,  Guilford  and  Eockingham  counties. 

Cabbage  Black  Eot  (Pseudomonas). — Many  cabbage  fields  in 
Transylvania  county  are  deprived  of  their  usefulness  for  raising  cab- 
bage through  the  introduction  some  years  ago  of  this  disease,  probably 
through  seed.     The  disease   is  spreading  constantly,  invading  new 
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Fig.  18.  -An  apple  leaf  affected  with  apple  rust. 


NOTES  ON  PLANT  DISEASES. 


61 


ground,  and  is  a  serious  menace  to  the  cabbage  raising  industry  of 
that  section.  The  strictest  care  to  prevent  its  spread  must  be  exer- 
cised.     This  disease  is  rather  widely  distributed,  particularly  in  the 
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east,  although  it  has  not  invaded,  to  any  large  extent,  the  regions  in 
which  cabbage  are  grown  commercially. 

Cabbage,  Downy  Mildew  (Peronospora), — This  is  the  same  dis- 
ease as  mentioned  on  page  63  as  affecting  the  collar(^^i^g^|]^^g^gM^^ 
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of  diseased  young  plants,  as  shown  in  Fig.  19,  were  received  from 
Fayetteville  with  the  complaint  that  this  disease  was  doing  serious 
damage  to  the  crop  in  some  fields  in  Cumberland  county.  This  is  the 
first  time  that  this  disease  has  been  noted  in  this  State.  It  was  first 
noted  in  the  United  States  by  Professor  Halsted,  who  in  the  New  Jer- 
sey Report  for  1890  says  the  disease  "was  found  upon  the  outer  leaves 
quite  generally  in  one  large  field,  causing  the  leaves  to  wilt  and  die." 
The  fungus  was  also  noted  in  Massachusetts  in  the  report  for  the  same 
year  as  occurring  to  a  considerable  extent  on  a  plot  of  purple  topped 
white  turnips.  Halsted,  in  the  New  Jersey  Report  for  1894,  again 
made  mention  of  this  fungus  as  abundant  upon  the  lower  leaves  of 
young  cabbage  plants.  It  was  also  reported  upon  cabbage  in  Mary- 
land in  1902  by  J.  B.  Norton,  and  in  the  same  State  in  1904.^  He 
says  "it  is  bad  on  young  plants,  also  on  half  grown  cabbage."  As  to 
treatment,  he  says,  "The  Bordeaux  mixture  applied  frequently  to 
young  plants  was  also  very  effective,  together  with  forcing  by  nitrate 
of  soda  and  wiUiholding  water." 

Cabbage  (Sclerotinia). — Sick  cabbage  plants  were  received  from 
J.  B.  Ingram,  of  Lilesville,  Anson  county.  The  plants  showed  in 
the  tissue  an  abundance  of  mycelium,  and  upon  being  placed  in  the 


Fig.  20.— a  collard  black  mold  showing  single  spots  more  highly  enlarged. 

culture  dish  there  soon  developed  a  very  luxuriant  growth  of  white 
mycelium,  and  later  sclerotia  characteristic  of  Sclerotinia. 

'  Report  of  Maryland  State  Horticultural  Society.  ^^  .^.^^^  ^  GoOSic 
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Cabbage  Black  Mold  (Altemaria)  was  sent  to  the  Station  from 
Lilesville  by  Mr.  Ingram. 

Cantaloupe  Blight  (Altemaria),  as  shown  in  Fig.  21,  is  very 
widespread  throughout  the  State.  Especially  bad  reports  have  been 
received  of  it  from  Warren,  Rowan,  Scotland,  Cumberland  and  Pen- 
der counties.  In  Warren  one  grower  attributed  the  loss  of  half  of 
his  crop  to  this  disease. 


Fio.  21  .-Cantaloupe  leaf  blight. 

Cantaloupe  (Nematodes). — Root  galls  due  to  nematodes  were 
very  numerous  in  some  fields  in  Rowan  county. 

Carnation,  Bacterial  Spot  (Stigmonose)  is  very  widespread 
and  destructive. 

Carnation  Leaf  Spot  {Septoria)  is  noted  to  only  a  very  slight 
extent. 

Cherry,  Black  Knot  (Plowrightia). — See  Fig.  22.  This  dis- 
ease was  noted  in  specially  destructive  form  this  year  in  Macon,  Jack- 
son, Haywood  and  Wilkes  counties.  One  correspondent  writes,  "The 
Morel  cherry,  once  so  plentiful  and  nice  for  cherry  bounce,  has  been 
virtually  exterminated  by  the  black  knot  in  many  sections  of  the 
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mountain  region^  and  raising  of  cherries  has  been  abandoned  on  ac- 
count of  this  disease."     See  Fig.  23,  page  68. 

Cheery,  Shot  Hole  (Cylindrosporium  Padi)  abounds  on  cherry 
leaves  to  an  injurious  extent,  principally  upon  neglected  trees. 

Chestnut  {Monochwtia). — The  trees  throughout  the  mountain  re- 
gion are  largely  affected  with  a  brownish  spotting  of  the  leaves,  the 
spots  being  circular,  ranging  in  size  from  that  of  a  dime  to  a  quarter 
of  a  dollar,  and  usually  showing  concentric  markings.  The  diseased 
spot  was  thickly  beset  with  acervuli,  bearing  characteristic  spores  of 
Monocheetia.  The  fungus  seems  unquestionably  to  be  Monochoetm- 
pachyspora  of  Bubak. 

Chrysanthemum,  Leaf  Spot,  due  to  Cylindrosporium,  was  very 
prevalent  in  the  green-houses  of  Raleigh.  This  disease  is  very  much 
more  destructive  upon  early  varieties  than  late  varieties,  as  Polly 
Rose  and  Colonel  Appleton. 

Chrysanthemum,  Ray  Blight. — This  new  disease  was  reported 
to  the  Station  from  Cumberland  county,  and  was  also  foimd  in  Wake 
County.  It  was  doubtless  widespread  upon  chrysanthemums.  This 
disease  is  made  the  subject  of  a  separate  section  in  this  report. 

Clover  Root  Rot,  of  unknown  cause,  is  complained  of  in  Ran- 
dolph county. 

CoLLARD,  Black  Rot  (Pseudomonas) . — See  cabbage. 

CoLLARD,  Soft  Rot,  of  unknown  cause,  is  reported  as  very  bad  in 
Wake  and  Johnston  counties. 

CoLLARDs,  Downy  Mildew  (Peronospora). — In  late  October, 
1906,  collards  growing  in  some  of  the  gardens  in  West  Raleigh  were 
found  to  be  seriously  affected  with  the  downy  mildew. 

This  mildew  manifests  itself  as  angular  spots  limited  by  the  veins, 
having  a  pale  yellow  appearance  from  above,  while  upon  the  under 
side  there  develops  a  growth  of  the  spore-bearing  branches  of  the 
mildew. 

The  diseased  spots  are  lighter  colored,  pale  yellow,  and  shrunken. 
On  the  under  side  of  the  leaf  on  these  spotted  regions  is  seen  a  fine, 
white  down.  It  is  from  this  down  that  the  name  "do^^ny  mildew*'  is 
derived. 

CoLLARD,  Black  Mold  (Altemaria). — This  disease  differs  strik- 
ingly from  the  mildew,  in  that  the  affected  spots  are  nearly  black ;  are 
marked  by  concentric  circles,  are  more  circular  and  less  angular  than 
the  mildew  spots,  and  less  definitely  bordered,  i.  e.,  they  shade  off 
more  gradually  into  the  surrounding  healthy  tissue. 

The  general  appearance  of  this  disease,  as  seen  from  the  upper 
surface,  is  shown  in  Fig.  20.  It  will  be  noticed  that  in  the  upper 
surface  the  spot  appears  shrivelled.  It  is  pale  green  in  color.  Seen 
from  below  the  spot  is  densely  black,  strongly  contrasting  with  the 
downy  mildew  mentioned  above. 

The  black  mold  and  downy  mildew  were  found  associated  together 
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upon  the  same  plants  in  some  gardens,  and  the  damage  was  very 
great,  in  many  instances  resulting  in  the  death  of  the  plants. 

CoHN  Rust  {Puccinia). — This  rust  is  widespread  throughout  the 
State,  but  of  very  slight  damage. 

CoKN  Mold. — Owing  to  the  damp  season  this  disease  has  been 
more  damaging  this  year  than  any  previous  year  on  record. 

Corn  Smut  (Ustilago)  is  everywhere,  varying  in  damage  probably 
between  1  and  5  per  cent  of  the  crop  in  different  portions  of  the  State. 
The  spores  of  this  fungus  can  gain  entrance  into  the  plant  apparently 
at  almost  any  time  during  the  season.  Seed  treatment  is  of  no  avail. 
If  all  of  the  smut  balls  be  cut  out  and  burned  or  buried  with  lime  each 
year  the  loss  from  this  disease  will  gradually  be  reduced  to  a  mini- 
mum. The  question  of  the  economy  of  this  mode  of  treatment  will 
be  left  to  the  judgment  of  the  individual  farmer.  Some  farmers  do 
practice  it  and  believe  it  pays.  Others  prefer  to  suffer  the  loss,  not 
regarding  the  gain  from  treatment  commensurate  with  the  cost  of 
treatment  The  use  of  the  silo  will  certainly  accomplish  the  same 
result  much  more  economically,  since  the  heat  normally  generated  in 
the  silo  is  more  than  ample  to  kill  the  smut  spores.  Different  por- 
tions of  a  corn  area  of  a  farm  can  in  successive  years  be  harvested 
into  the  silo,  smut  and  all,  and  the  smut  thereby  killed,  thus  event- 
ually rendering  the  whole  farm  comparatively  free  from  this  disease. 

Cotton,  Frosty  Mildew  (Ramularia  Areola)  is  found  in  nearly 
all  cotton  fields.  The  injury  caused  is  not  felt  by  the  grower,  though 
in  reality  the  damage  done  per  acre  is  probably  considerable.  Little 
lA  known  of  this  disease  except  that  it  is  caused  by  a  fungus. 

Cotton  Wilt  {Fusarium). — Complaints  from  this  disease,  in  ad- 
dition to  those  counties  previously  heard  from,  came  from  Kinston, 
Lenoir  county,  this  year. 

Cotton,  An  Unknown  Disease,  apparently  caused  by  bacterium, 
was  received  from  Reepsville,  Lincoln  county,  this  year. 

Cotton  Anthracnose  (Colletotrichum)  was  received  from  Anson 
(llount}'.  It  has  previously  been  troublesome  in  Kobeson,  Wake  and 
Edgecombe  counties. 

CowpEAs,  Cersospora  and  Amerosporium,  prevail  upon  cowpeas 
nearly  everywhere  in  the  State,  but  the  damage  is  not  great. 

CowPEA  Wilt  {Fusarium)  was  seen  in  an  extremely  destructive 
form  in  Camden  and  Pasquotank  counties.  It  has  since  been  com- 
plained of  in  Mecklenburg  and  Johnston  counties. 

Cucumber  Blight  {Alternaria)  was  destructive  this  year  in  Le- 
noir, Pender  and  Robeson  counties. 

Cucumber  Anthracnose  was  complained  of  from  Eobeson 
county. 

Fios  (Cercospora). — This  fungus  is  abundant  upon  the  fig,,  espe- 
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cially  kte  in  the  season,  when  it  causes  the  leaves  to  yellow  and  fall 
prematurely. 

Geape,  the  Black  Eot,  was  seen  in  destructive  form  upon  the 
scuppemong  in  Wake  county.  This  disease  prevails  as  usual  through- 
out the  Piedmont  and  mountain  portions  of  the  State  upon  all  vines 
not  protected  by  spraying.  Sprayed  crops  were,  however,  raised  in 
perfect  condition. 

Lettuce  Mold  (Botrytis)  was  seen  in  Cumberland,  Duplin,  Cleve- 
land and  New  Hanover  counties,  usually  to  a  very  slight  extent, 
though  it  was  destructive  in  Duplin  county.  In  some  instances  the 
seed  bed  was  very  badly  affected  with  this  fungus.  This  was  notably 
so  at  Wallace  this  spring,  plants  in  many  places  in  the  bed  being  com- 
pletely killed  out.  This  form  of  fungus  also  causes  a  loss  to  the  let- 
tuce as  it  approaches  maturity,  particularly  if  ventilation  is  not  prop- 
erly handled.  The  damage  by  botrytis  was  very  slight,  practically 
not  noticeable  at  New  Bern.  There  was,  however,  considerable  of  it 
at  Fayetteville,  Wilmington  and  Mount  Olive. 

Lettuce,  Nematodes. — ^Abound  upon  the  roots  in  the  seed  bed 
and  cold  frames. 

Lettuce,  Dkop  (Sclerotinia)^  (large  sclerotium  form),  was  col- 
lected in  Cumberland,  Robeson,  Craven  and  New  Hanover  counties, 
where  it  was  exceedingly  destructive,  the  loss  ranging  from  20  to  50 
per  cent  It  prevailed  this  year  throughout  the  lettuce  section  as  for- 
merly, being  in  most  instances  worse  than  in  previous  years.  It  is 
very  rarely  reported  serious  upon  the  fall  crop,  however,  in  one  in- 
stance this  year  it  seriously  affected  this  crop,  and  also  the  seed  beds. 

Lettuce  Leaf  Spot  (Septoria  consiviilis), — Prevails  on  old  let- 
tuce plants  which  have  gone  to  seed,  killing  the  older  leaves  and  often 
many  of  the  younger  ones,  and  spotting  all  of  the  leaves  of  the  plant. 
Upon  the  market  lettuce  in  the  beds  it  is  usually  held  in  moderate 
check,  but  even  in  the  best  of  beds  of  the  State  many  of  the  plants 
were  found  with  the  lower  leaves  affected  and  dying  and  the  younger 
leaves  bearing  a  few,  though  harmless  spots.  The  death  of  the  lower 
leaves  from  the  attack  of  this  fungus  is  regarded  by  the  grower  as  a 
natural  condition.  It  necessitates  trimming  before  marketing,  with 
a  resulting  diminution  of  the  size  of  the  head  and  a  loss  of  market 
value.  In  some  parts  of  the  State,  notably  Cumberland  county,  this 
disease  caused  much  damage  in  some  beds,  occasioning  small,  worth- 
less plants. 

The  amount  of  this  disease  can  surely  be  diminished  in  all  regions 
by  taking  care  that  no  plants  are  neglected  and  allowed  to  go  to  seed 
in  the  bed  or  seed  bed  to  thus  serve  as  a  breeding  place  for  the  pest. 

The  disease  is  caused  by  a  fungus,  the  spores  of  which  fall  upon  the 
leaf,  grow,  penetrate  the  leaf  and  cause  the  bleached  spot.  The  fun- 
gus thon  fruits  with  a  small,  spherical,  hollow  body,  the  pycnidium. 
In  ^re  borne  countless  spores  to  furtli^|;^|)]^e^;^ ^infection. 
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Medlab,  Rust  (Roestelia)  was  found  upon  specimens  of  this 
Japanese  plant  grown  in  the  park  at  Ealeigh.  The  rust,  in  most  in- 
stances, affected  the  fruit  itself,  though  sometimes  found  upon  the 
leaves. 

Medlab. — This  tree  is  also,  as  might  be  expected  from  its  close  kin 
to  the  apple,  subject  to  the  familiar  apple  blight,  fire  blight,  Bacillua 
amylovorus,  and  the  trees  intended  for  ornaments  were  rendered  un- 
sightly objects. 

MuLBEBRY,  ^Nematodes. — Specimens  of  seedlings  were  received 
from  Johnston  county.  Upon  the  roots  was  a  great  abundance  of 
small  galls,  which,  upon  examination,  proved  to  be  due  to  nematodes, 

Oats,  Smut  (Ustilago). — ^As  usual  prevails  throughout  the  State 
except  where  the  formalin  treatment  is  employed.  Specimens  were 
received  from  Bertie  and  Moore  counties.  The  estimated  loss  to  the 
State  this  year  is  placed  at  12  per  cent  of  the  total  crop.  Formalin  is 
coming  into  more  general  use  and  the  loss  is  thereby  diminished. 

Pea  (Ascochyia). — Leaves  of  the  cultivated  garden  pea  affected 
with  ascochyta  spots,  also  pods  affected  with  this  spot  were  collected 
both  at  Goldsboro  and  New  Bern  this  year.  The  damage  under  the 
prevailing  weather  conditions  there  this  year  was  not  serious. 

Peach  Cercospora  was  collected  in  Rowan,  Wake  and  Craven 
counties.  It  seems  to  be  widespread  upon  the  peach,  but  occurs 
chiefly  in  the  fall,  and  does  damage  only  upon  young  nursery  stock. 

Peach,  Beown  Rot  (Scleroiinm.) — Complaints  from  this  disease 
were  received  from  McDowell  county.  In  the  peach  growing  section 
this  disease  is  giving  way  to  spraying. 

Peach  Rust  (Puccinia  pruni)  was  collected  at  West  Raleigh, 
Wake  county,  also  at  Craven  county  in  the  autumn.  No  record  of 
real  damage  from  this  parasite  has  been  reported  from  the  State. 
Indeed  we  have  no  other  record  of  its  collection  in  North  Carolina 
with  the  exception  of  one  specimen  collected  in  Wake  county  about 
two  years  ago. 

Peach,  Fbosty  Mildew  (Cercosporella  Persica,  Sacc)^  was  very 
abundant  throughout  the  year.  Specimens  were  submitted  from  sev- 
eral portions  of  the  State.  The  disease  is  widely  spread  and  often 
serious.  There  is  no  record  of  its  injuring  orchards  that  are  well 
cared  for  and  properly  sprayed.  It  occurs  chiefly  on  neglected  trees 
or  young  stock.  Specimens  of  this  disease  were  received  from  Rowan 
and  Wfiie  counties.     Proper  spraying  will  hold  it  in  check. 

Peach  Yelix>ws. — Specimens  of  this  serious  disease  were  received 
from  Buncombe  county.  With  the  exception  of  Tryon  and  Saluda, 
these  are  the  only  specimens  known  to  be  taken  in  this  State.  This 
is  one  of  the  worse  peach  diseases  and  every  precaution  should  be 
taken  against  its  spread. 
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Peanut  Cercospora  was  collected  from  Wake  and  Duplin  count: 

Pear  Blight  (Bacilhis)   (Fig.  22). — The  pear  blight  has  Ik 

exceedingly  bad  this  year,  worse  than  ever  before  observed   in    i 


Fic.  22— Fear  blight:  a,  healthy  twig;  b,  characteristicnlly  diseased  twig. 

State,  and  letters  have  been  received  from  all  parts  of  the  State  ir- 
■quiring  concerning  the  cause  and  anture  of  this  d^a^e^     In  severul 
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instances  complaint  has  been  made  that  even  the  Keiffer  and  Leconte 
have  been  blighted  so  badly  as  to  kill  whole  orchards. 

Especially  does  it  seem  to  have  been  troublesome  this  year  in  Moore 
and  Sowan  counties. 

Plum  Pockets  (Exoascus), — One  case  was  noticed  in  Wake 
county. 

Plum,  Brown  Rot  (Sclerotinia)  was  worse  this  year  than  pre- 
vious years.     The  loss  estimated  for  the  State  is  50  per  cent. 

Plum,  Black  Knot  (Plowrightia)  (see  Fig.  23). — Specimens  of 
this  disease  were  received  from  Alamance  county,  where  it  was  said 
to  be  of  damaging  importance. 


Fig.  23.— Plum  Black  Knot. 

It  is  also  very  prevalent  in  the  western  luountain  section.  In  Hay- 
wood county  common  saying  reports  it  as  the  cause  of  the  destruction 
of  the  plum  and  cherry  industry  in  the  lowland.  Some  of  the  worst 
specimens  of  this  disease  ever  seen  by  the  writer  were  collected  in 
Macon  county.     It  i^  to  be  fought  by  cutting  and  burning. 

Potato,  Eably  Blight  (Altemaria)  was  seriously  destructive 
in  Randolph,  Wake,  Cumberland,  Wayne,  Lenoir,  Duplin,  Bladen 
and  Columbus  counties. 

Potato  Scab  was  said  to  be  serious  in  the  trucking  region. 
Complaints  in  particular  were  received  from  Mount  Olive. 

Quince,  Blight  (Bacillus). — This  disease  was  seen  in  Transyl- 
vania county.  It  had  previously  been  reported  from  Buncombe 
county. 

Quince,  Rust  (Gymnosporaiigium). — This  rust  upon  the  fruit  of 
the  quince  has  been  recorded  from  Rockingham,  Rowan,  Gaston,  Bun- 
combe, Transylvania  and  Cherokee  counties.     It  ^ga^^spe^jQ ^rj^n- 
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sylvania  County,  and  had  been  previously  reported  from  many  of  the 
western  counties  of  the  State. 

Rose,  PowDEBY  Mildew  (Sphwrotheca). — Complaints  of  this 
common  mildew  were  received  from  Lincoln,  Pitt,  Duplin,  Sampson 
and  Edgecombe  counties.     It  is  easily  controlled  by  spraying. 

EosE,  Black  Spot  (Adinonema)  is  abundant  throughout  the 
State  on  roses  outdoors  and  under  glass. 

Salsify,  Nematodes  (see  Fig.  24). — Specimens  of  very  badly 
affected  roots  of  this  crop  were  received  from  Durham  county,  with 
a  statement  that  portions  of  the  soil  were  affected  and  other  portions 
of  the  same  row  were  free. 

Stbawberry  Leaf  Spot  (Sphcerella), — This  disease  was  seen  in 
Duplin,  Pender,  Columbus,  Vance  and  Wake  counties.  It  probably 
exists  wherever  strawberries  are  grown  and  is  sometimes  of  very 
serious  import.  Valuable  varieties  have  been  protected  by  spraying. 
Some  varieties  are  much  more  susceptible  to  the  disease  than  others, 
and  owing  to  the  susceptibility  of  some  of  our  best  varieties,  we  are 
unfortunately  prevented  from  growing  them. 


Fig.  24.— Salsify,  vegetable  oyster,  root  showing  nematode  galls. 

Sweet  Potato  Le^vf  Spot  (Phyllosticta)  was  very  abundant 
in  Wake  county,  and  doubtless  diminished  the  vigor  of  the  vines 
somewhat,  though  to  no  very  great  extent. 

Sweet  Potato  Wilt  (Fusarium). — Reports  from  sections  af- 
fected with  this  disease  show  less  destructiveness  than  in  previous 
years. 

Sweet  Potato  Soft  Rot  (Rhizopus), — This  fungus  is  the  cause 
of  most  of  the  rotting  of  potatoes  while  in  storage,  and  occurs  exten- 
sively throughout  the  State. 
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Tobacco,  The  Granville  Tobacco  Wilt. — Continues  to  spread 
and  is  reported  as  worse  this  year,  and  the  loss  is  said  to  be  26  to  100 
per  cent  of  the  crop  in  the  affected  region.  The  loss  in  one  county 
is  estimated  this  year  at  $20,000.  It  was  estimated  to  be  40  per 
cent  more  destructive  this  year  than  last  year. 

To3«ATO  Wilt  (Bacillus), — ^In  addition  to  counties  previously  re- 
ported it  was  noted  this  year  in  Vance,  Wake  and  Bladen  counties. 

Vetch  (Ascochyta). — Specimens  of  vetch  from  New  Bern  and 
also  from  Ealeigh  exhibited  disease  in  the  form  of  small  spots  upon 
leaves  and  stems.  The  spots  were  ashen  or  brown  in  the  center,  with 
a  rather  wide  border  of  dark  red.  Each  spot  bore  several  pycnidia 
containing  spores  of  the  ascochyta  type.  It  is  evidently  Ascochyta 
VicicB  Lib.,  which  has  been  noted  by  Dr.  G.  P.  Clinton,  of  the  Con- 
necticut Agricultural  Experiment  Station,  as  injurious  in  that  State 
upon  cultivated  vetch. 

Violets. — The  Cercospora  of  the  violet  ranks  as  one  of  the  worst 
greenhouse  diseases  of  the  State. 

Watebmelon  Wilt  (Fusarium). — In  addition  to  counties  pre- 
viously reported,  it  was  heard  from  this  year  in  Halifax,  Robeson, 
Lenoir,  Duplin  and  Pender  counties. 
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A  SERIOUS  LETTUCE  DISEASE. 

Throughout  the  lettuce  growing  section,  and  particularly  conspic- 
uous in  the  neighborhoods  of  New  Bern,  Wilmington,  Fayetteville 
and  Maxton,  occurs  a  disease  of  lettuce  of  extreme  severity  and  de- 
structiveness.     It  may  be  easily  recognized  by  its  symptoms. 

The  disease  begins  with  the  wilting  of  the  outer  lower  leaves,  which 
droop  and  fall  flat  upon  the  ground.  A  similar  fate  rapidly  over- 
takes the  inner  leaves,  and  so  on  over  the  whole  plant,  till  within  a 
few  days  the  entire  plant  is  dead,  lying  flat  upon  the  ground. 

Upon  the  under  side  and  at  the  base  of  the  leaves  will  be  noticed, 
at  this  time,  dense  cotton-like  growths  (Mycelium),  and  in  the  later 
stages  small  black,  irregular  bodies  (Sclerotia),  from  a  quarter  of  an 
inch  to  a  half  inch  long  and  somewhat  less  in  thickness  will  be  found 
in  similar  situations.  The  sclerotia  and  mycelium  are  immistakable 
signs  of  this  disease. 

This  disease  is  known  as  the  *^drop,"  and  has  for  several  years  been 
a  serious  menace  to  lettuce  growing  in  many  portions  of  the  United 
States.  It  is  caused  by  a  fungus  visible  to  the  eye  as  the  mycelium 
and  sclerotia  referred  to  above.  If  this  fungus  once  gains  entrance 
to  the  lettuce  bed,  no  certain,  or  at  least  no  economical  treatment  is 
known  to  get  rid  of  it. 

It  is  therefore  extremely  important  that  all  growers  who  are  now 
free  of  this  disease  take  every  precaution  to  keep  free  of  it,  also  any 
growers  who  have  a  portion  of  their  beds  free  should  use  every  pre- 
caution to  keep  that  portion  from  becoming  infected. 

These  precautions  consist  in  preventing  any  diseased  plants  or  frag- 
ments of  diseased  plants  or  any  of  the  mycelium  or  sclerotia  from 
obtaining  access  to  uninfected  fields  or  beds.  As  soon  as  any  plant 
shows  an  indication  of  this  disease  the  plant  should  be  pulled  up, 
buried  with  lime,  or  destroyed  by  fire.  The  spot  from  which  the 
plant  was  pulled  should  be  thoroughly  drenched  with  Bordeaux  Mix- 
ture. If  these  precautions  are  followed,  by  those  people  who  are  not 
at  all  or  only  slightly  affected  with  this  disease,  it  will  probably  be 
possible  to  hold  the  disease  in  check. 

F.  L.  Stevens, 

Biologist. 
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Treatment  of  Oats,  Wheat,  Rye  ob  Baeley  for  Smut. 

Very  few  fanners  realize  the  full  extent  of  the  injury  suffered  by 
these  cereal  crops  through  the  inroads  of  smut  The  smutted  plants 
are  dwarfed,  therefore  escape  observation  so  completely  that  even 
very  observing  farmers  often  allow  as  much  as  25  to  35  per  cent  of 
smut  to  pass  unnoticed.  Smut  is  rarely  less  than  10  per  cent  in  oats, 
and  is  frequently  16  to  25  per  cent  This  is  a  complete  loss  to  the 
farmer,  as  it  costs  as  much  in  seed,  land  and  tillage  to  raise  the 
smutted  plant  as  to  raise  the  full  head.  All  of  this  loss  can  be  turned 
into  a  clear  profit  at  a  cost  of  about  one  cent  per  acre  for  material  and 
a  very  slight  outlay  of  labor.  The  United  States  is  suffering  annually 
a  preventable  loss  of  about  $18,000,000  from  the  smut  of  oats  alone. 
Our  own  State  is  yearly  losing  between  10  to  20  per  cent  of  her 
annual  oat  crop,  ranging  in  value  at  about  $991,516.00. 

rationale  of  treatment. 

The  smut  of  grain  is  caused  by  a  fungus,  the  spore  (the  spore  is  the 
reproductive  body  of  fungi,  corresponding  to  the  seed  in  higher 
plants),  of  which  is  carried  in  the  seed  to  the  young  grain  plant 
Smutted  plants  in  the  field,  and  in  threshing,  shed  their  spores  in  the 
air.  These  spores  are  then  carried  about  by  the  wind,  many  of  them 
finding  lodgment  in  the  seed  of  neighboring  plants.  They  are  thus 
planted  with  the  grain  and  the  same  moisture,  warmth,  etc.,  which 
starts  the  plant  into  renewed  life  quickens  the  smut.  It  thus  happens 
that  many  young  plants  are,  in  earliest  infancy,  attacked  by  the  smut 
enemy,  which,  having  gained  entrance,  lurks  within  the  plant  until 
blooming  time,  when  it  again  breaks  forth  in  its  well-recognized  form. 
Only  very  young  plants  are  susceptible  to  attack  of  the  smut,  there- 
fore if  we  can  so  treat  the  seed  of  the  plants  as  to  destroy  the  adhering 
spores  of  the  fungus  without  injuring  the  grain,  we  can  enable  the 
yoimg  plant  to  pass  the  critical  stage  of  its  existence  in  safety.  It 
is  thereafter  safe.  Such  treatment  is  possible.  Smut  can  therefore 
be  practically  eliminated  from  the  field.  Several  kinds  of  treatment 
arc  effective,  but  of  all  those  known  that  by  formalin  is  by  far  the 
best  and  cheapest,  although  the  familiar  bluestone  treatment  is  quite 
efficient  in  wheat. 

TREATMENT. 

Formalin  can  be  purchased  from  a  druggist  at  a  cost  of  from  75 
to  95  cents  per  pound.  One  pound  mixed  thoroughly  with  46  to  50 
gallons  of  water  is  sufficient  to  treat  45  to  50  bushels  of  grai^i. 
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To  treat  the  grain,  spread  it  in  a  thin  layer  on  a  smooth  bam  floor 
and  sprinkle  with  the  diluted  formalin,  using  either  a  spraying  ma- 
chine or  a  watering-pot.  Sprinkle  so  as  to  thoroughly  and  evenly 
wet  the  grain  with  the  mixture.  Then  shovel  the  grain  over  thoi^ 
oughly  a  few  times  to  insure  even  distribution  and  cover. the  pile  with 
canvas,  carpets,  blankets,  or  bagging,  to  keep  the  fumes  of  the  for- 
malin within.  The  pile  should  stand  from  6  to  12  hours  in  this  way. 
The  oats  may  then  be  readily  dried  by  mixing  with  air-slaked  lime, 
and  the  lime  may  be  removed  by  the  f  anning-mill,  or  the  lime  may  be 
omitted  if  desired.  It  is  merely  a  drying  agent  The  seed  is  then 
ready  to  sow.  It  may  be  stored,  but  in  so  doing  it  is  liable  to  renewed 
smut  infection.  The  best  way  is  to  treat,  dry,  then  sow  as  soon  as  is 
practicable. 

In  general,  one  gallon  of  mixture  will  suffice  to  treat  one  bushel  of 
grain.  The  formalin  should  be  used  at  the  rate  of  one  ounce  to  three 
gallons  of  water. 

Formalin  is  an  irritating  caustic,  which  should  not  be  brought  into 
contact  with  the  skin  in  pure  form.  In  diluted  condition  it  is 
harmless. 

If  you  try  this  treatment  simply  as  an  experiment,  sow  the  treated 
seed  in  a  definitely  marked  portion  of  your  field,  using  all  care  to 
keep  the  treated  seed  from  smutted  seed.  If  you  are  adopting  this 
treatment  for  your  whole  sowing,  it  will  be  instructive  if  you  will 
leave  a  small  porotion,  say  one  or  two  drill  rows,  with  the  same  seed, 
untreated,  thus  enabling  you  to  determine  the  real  value  of  treatment- 

We  should  be  pleased  to  have  you  send  a  letter  to  the  Station  stat- 
ing the  results  of  your  treatment,  its  cost,  labor  involved,  amount  of 
smut  in  treated  and  untreated  fields.  The  amount  of  smut  should 
be  very  carefully  estimated  in  per  cent  from  an  actual  count  in 
the  field. 

F.  L.  Stevens, 

Biologist. 


Digitized  by  LjOOQIC 


Bulletin  No.  195 


June  1907 


NORTH  CAROLINA 


Agricultural  Experiment  Station 


OF  THE 


College  of  Agricultiire  and  Mechanic  Arts 


WEST  RALEIGH 


FARM  POULTRY 


PART  OF  POULTRY  BUILDINGS  AT  EXPERIMENT 

STATION 


Digitized  by  LjOOQIC 


N.  G.  COLLEGE  OF  AGRICULTURE  AND  MECHANIC  ARTS 


THB  NORTH  CAROLINA: 

AGRICULTURAL  EXPERIMENT  STATIOI 

UNDER  THE  CONTROL  OF  THE 

TRUSTEES  OF  THE  A.  AND  M.  COLLEGE 


S.  L.  Patterson,  ex  offloio  Chairman,  Raleigh 


J.  J.  LAUOHiNaHOUSE Greenville 

C.  W.  Mitchell Aulander 

Wm.  Dunn New  Bern 

C.N.  Allen .Auburn 

B  W.  Scott Melville 


A.  T.  McCallctm Red  Sprinj 

J.  P.  McRae Laurinbo] 

R.  L.  DouoHTON Laurel  Sprinj 

W.  A.  Graham Machpela 

A.  Cannon Horse  Sh< 


STATION  STAFF 

Geo.  T.  Winston,  LL.  D.,  President  of  the  College 

B.  W.  B:iLaORE Director 

W.  A.  Withers Chemist 

Tait  Butler Veterinarian 

F.  L.  Stevens Vegetable  Pathologist 

J.  8.  Jeffrey Poultryman 

Franklin  Sherman,  Jr Entomologist 

C<  B.  Williams. Agronomist 

W.  N.  Hutt Horticulturist 

C.  M.  Conner Agriculturist 

F.  C.  Reimer Assistant  Horticulturist 

J.  C.  Kendall Assistant  Dairy  Husbandry 

WiUJAM  Kerr Assistant  in  Field  Experiments 

W.  A.  Syme Assistant  Chemist 

J.  G.  Hall Assistant  Vegetable  Pathologist 

W.  C.  Etberidqe Assistant  in  Farm  Crops 

J.  C.  Temple Assistant  Chemist  and  Bacteriologist 

A.  F.  BowEN Bursar 


The  Bulletins  and  Reports  of  this  Station  will  be  mailed  free  to  any  residen 
of;the  State  upon  request. 

Visitors  are  at  all  times  cordially  invited  to  inspect  the  work  of  the  Station 
Address  all  communications  to 

AGRICULTURAL  EXPERIMENT  STATION. 

WEST  RALEIGH.  N.  C. 


Digitized  by 


Google 


TABLE  OF  CONTENTS. 


Page. 

Introduction  5 

Houses  and  Yards .  5 

Breeds  of  Fowls  11 

Selecting  the  Breeding  Stock — 20 

Feeds  and  Feeding 21 

Effect  of  Green  Food  on  Fowls 22 

Animal  Food 23 

Egg  Production  - 25 

Comparative  Keeping  Quality  of  Fertile  and  Infertile  Eggs 27 

Incubation  ~ — 28 

Health  and  Disease ~ 34 


Digitized  by  LjOOQIC 


Digitized  by  LjOOQIC 


FARM  POULTRY. 


The  Poultry  Bulletins  of  the  Station  being  exhausted,  and  there 
being  a  steady  demand  for  information  in  regard  to  the  housing,  feed- 
ing and  management  of  poultry,  this  Bulletin  has  been  prepared  to 
meet  this  demand.  A  report  is  also  made  of  our  work  in  pedigree 
breeding  for  egg  production  which  was  started  last  year,  a  test  of  the 
value  of  green  feed  and  the  comparative  keeping  quality  of  fertile 
and  infertile  eggs. 


Fio.  1.    ScratchtDg  Shed  House  with  nine  pens.    (Photo  by  Hame.) 

HOUSES  AXD  YARDS. 

The  question  of  poultry  house  construction  is  not  so  important  in 
our  climate  as  it  is  in  the  Xorth  where  the  fowls  are  confined  to  the 
house  for  much  longer  periods  than  they  are  in  the  South. 

There  are,  however,  some  points  that  must  be  observed  no  matter 
where  the  location  may  be,  and  in  a  warm  climate  some  points  need 
more  attention  than  they  do  where  it  is  colder. 

In  the  first  place,  the  house  must  be  dry,  and  in  order  to  have  it 
drj'  it  must  not  only  have  a  rain-proof  roof,  but  must  be  built  on 
ground  which  has  good  drainage. 

In  order  that  the  roof  may  be  rain  proof  and  that  it  may  remain 
so  for  the  longest  possible  time,  give  it  a  good  slope,  so  that  water 
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will  run  off  quickly  and  not  have  time  to  find  any  small  leaks  that 
may  occur.  It  is  quite  a  common  thing  to  see  poultry  houses  built 
with  a  roof  that  has  a  fall  of  only  a  foot  or  a  foot  and  a  half  in  ten 
feet,  while  a  fall  of  four  feet  in  this  width  would  be  much  better, 
costing  no  more  to  build,  and  would  last  years  longer  than  the  flat  one. 
If  a  place  which  has  natural  drainage  is  not  available  for  the 
house,  it  should  be  set  up  on  posts  or  some  other  good  foimdation,  so 
that  it  will  be  well  above  the  ground  and  filled  up  with  light,  sandy 
soil,  and  the  ground  immediately  around  the  house  raised  so  as  to  turn 
the  water  from  the  house. 


Fig.  2.    Wire  Front  House  with  HcratchiDg  Room  underneath.    (Photo  by  Hume.) 

Building  should  be  done  early  enough  in  the  season  so  that  the 
house  and  ground  will  have  plenty  of  time  to  thoroughly  dry  out 
before  the  fall  rains  begin  or  the  house  is  apt  to  be  damp  the  first 
winter  in  spite  of  all  that  you  can  do. 

Figures  1  and  2  show  two  different  types  of  the  scratching  shed 
house.  In  Fig.  1  the  scratching  shed  and  roosting  rooms  are  side  by 
side,  a  close  board  partition  separating  them. 

In  Fig.  2  the  scratching  room  is  underneath  the  house.  Fig  1 
shows  the  better  arrangement,  but  is  more  expensive  to  build. 
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Each  flock  has  a  house  10  x  18  feet  divided  into  two  compartments, 
^ving  a  scratching  room  10  x  10  feet  and  a  roosting  and  laying  room 
10x8  feet  The  cut  shows  a  house  of  nine  pens,  but  the  house  may 
be  built  with  any  number  of  pens  desired. 

The  width  of  this  house,  10  feet,  is  about  right  for  most  poultry 
houses,  as  it  is  not  so  deep  that  the  sun  can  not  shine  to  the  back  of 
it,  and  roosts  at  the  back  of  the  house  are  •  protected  from  wind 
and  rain. 

Figures  5  and  6  show  the  interior  arrangement  of  the  roosting  and 
laying  room,  with  the  roosts  hung  on  stop-lice  hangers,  a  dropping 
board  under  them,  and  the  nests  under  the  dropping  board. 

Fig.  7  shows  a  corner  of  the  scratching  room,  with  grit  and  shell 


Pig.  8.    wire  Front  HouBe  with  Long  and  Short  PiU-h  Roof.    (Phoio  by  MtteNlder.) 

box  and  dry  food  hopper  in  position.  The  scratching  litter  here  is 
shredded  com  stover. 

The  house  shown  in  Fig.  2  is  6  x  8  feet,  and  with  the  roost  only 
five  feet  from  the  open  front,  the  fowls  are  sometimes  wet  on  the 
rooet  by  a  driving  rain.  Other  objections  to  the  house  are  that  it  has 
a  board  floor  and  a  scratching  room  into  which  the  sun  never  shines. 

A  house  10  X  18  feet,  as  shown  in  Fig.  1,  requires  the  following 
lumber  to  build:  360  feet  ceiling  or  German  siding,  260  feet  roofing 
plank,  2  pieces  4x4x18  feet,  2  pieces  4x4x10  feet,  10  pieces 
2  X  4  X  12  feet,  4  pieces  2x4x18  feet,  10  pieces  2  x  4  x  14  feet,  and 
1,500  shingles  or  prepared  roofing. 
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A  house  as  shown  in  Fig.  2,  6  x  8  feet,  requires  the  following:  300 
feet  plank  1x10,  60  feet  flooring,  10  pieces  2x4x16,  10  pieces 
1  X  3  for  battens,  and  500  shingles. 

Figures  3  and  4  show  two  wire  front  houses,  the  former  10  x  10 
feet  for  a  single  flock  and  the  latter  lOx  20  feet,  divided  into  two 
pens.  These  houses  diflFer  slightly  in  their  construction,  but  are 
alike  in  their  essential  features.  Xo.  3  is  boarded  with  tongue  and 
grooved  ceiling,  and  has  a  long  and  short  pitch  roof,  while  No.  4  is 
boarded  with  1  x  10  plank,  and  the  cracks  in  the  back  and  ends 
battened.  The  front  of  both  is  made  of  four-foot  poultry  wire  and 
planking. 


1 

FiQ.  4.    Wire  Front  Hooae  with  8hed  Roof.    (Photo  by  MacNider  ) 

No.  4  has  the  advantage  of  being  slightly  cheaper,  and  is  rather 
easier  to  build  for  a  man  who  is  not  a  carpenter.  No  3  is  built  with 
6-foot  posts  in  front  and  4-foot  behind,  and  is  eight  feet  to  peak  of 
roof.  It  requires  the  following  bill  of  lumber:  225  feet  ceiling,  170 
feet  roofing  plank,  4  pieces  4  x  4  x  10  feet,  10  pieces  2  x  4  x  14  feet,  4 
pieces  2x4x12  feet,  9  pieces  2  x  4  x  10  feet,  and  1,000  shingles. 
No.  4  built  10  X  10,  four  feet  high  at  back  and  eight  feet  in  front, 
will  take  the  following  bill :  300  feet  plank  1  x  10,  4  pieces  4  x  4  x  10 
feet,  16  pieces  2x4x12  feet,  3  pieces  2  x  4  x  14  feet,  6  pieces  2x4 
X  10  feet,  16  pieces  1  x  3  x  12  feet,  and  900  shingles. 

It  will  be  noted  that  all  the  houses  illustrated  are  built  tight  at 
the  back  and  both  ends  and  left  more  or  less  open  at  the  front.  The 
open  front  should  always  face  the  south  or  southeast.  By  this 
arrangement  the  fowls  get  plenty  of  fresh  air  and  sunlight  and  still 
are  not  forced  to  roost  where  thev  are  exposed  to  the  wind  and  rain. 
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No  matter  what  the  style  of  the  house  is  it  should  be  so  arranged 
that  everything  can  be  easily  cleared  out  of  it,  so  that  the  walls  can 
be  thoroughly  whitewashed  or  sprayed,  and  there  will  be  no  unneces- 
sary cracks  and  comers  for  lice  and  mites  to  hide  in. 


Fra.  S.   Trmp  NesU.    Two  In  use  and  the  other  set  ready  for  the  hen  to  enter.    Also  shows 
arrangement  of  rooets  on  stop-hce  hangers  and  dropping  board. 

A  convenient  arrangement  for  the  roosts  and  nests  is  shown  in  Fig. 
5,  and  in  all  cases  where  the  front  of  the  house  is  open  the  roosts 
should  be  along  the  back  wall  as  far  away  from  the  opening  as  pos- 
sible. The  dropping  board  should  not  be  any  higher  than  is  neces- 
sary for  the  nests  to  go  underneath  it.  If  the  ordinary  nest  is  used 
15  inches  will  be  high  enough,  but  if  trap  nests  are  used  it  will  need 
to  be  19  or  20  inches  from  the  ground. 

Ordinary  nests  are  best  made  without  any  top  or  bottom,  the  drop- 
ping board  forming  the  top  and  the  ground  the  bottom.  Have  the 
nest  open  to  the  back  of  the  house  and  leave  room  between  the  ends 
of  the  nest  and  the  side  walls  of  the  house,  so  that  the  hens  can  pass 
around  and  enter  the  nest  from  the  back.  Have  a  strip  along  the 
back  of  the  nest  at  the  bottom  to  keep  the  partitions  in  place  and  to 
keep  in  place  any  nesting  material  used.  The  front  of  the  nest 
should  be  hinged  to  facilitate  gathering  the  eggs.  If  you  have  a 
good  sand  floor  in  the  house  no  other  material  will  be  needed  in  the 
nests  and  you  will  thus  do  away  with  another  hiding  place  for  mites. 

The  roosts  may  be  made  from  two  by  three-inch  pieces  set  on  edge 
and  the  top  edges  slightly  rounded.  They  may  be  set  on  Stop-lice 
hangers,  as  shown  in  Fig.  6,  or  dropped  into  slots  cut  in  boards 
attached  to  the  dropping  board,  so  that  they  will  be  about  six  inches 
above  the  board.     In  this  latter  case  the  dropping  board  should  not 
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be  supported  by  the  walls  of  the  house,  but  should  be  set  up  on 
benches  of  the  proper  height  and  made  so  that  it  will  not  toudb  the 
wall  at  any  place.  In  either  case  the  roosts  should  be  cut  short 
enough  so  that  they  will  not  reach  the  walls  at  either  end  This 
arrangement  makes  it  difficult  for  the  mites  to  pass  from  the  walls 
to  the  roosts. 


Fio.  6.    Trap  Nests,  showing  one  drawn  forward  and  top  raised  to  remove  heo  after  laying. 

In  estimating  the  capacity  of  the  house  it  is  well  to  be  on  the  safe 
side  and  not  overcrowd.  This  is  especially  true  in  regard  to  breed- 
ing stock  from  which  you  wish  to  hatch  good,  thrifty  chickens.  Any 
of  the  houses  shown  by  Figs.  1,  3  and  4  are  large  enough  for  a  pen 
of  ten  or  twelve  breeding  birds,  or  if  eggs  for  market  only  are  wanted 
they  will  accommodate  twenty-five  hens. 

It  should  always  be  remembered  that  the  more  crowded  the  fowls 
are  the  more  precautions  must  be  taken  to  keep  good  the  sanitary  con- 
ditions. 

If  the  fowls  are  to  be  confined  in  yards  most  of  the  time,  the^  yards 
should  be  large  enough  so  that  a  green  crop  can  be  kept  growing  all 
the  time.  This  can  be  better  done  where  the  yard  is  divided,  as  in 
this  way  tlie  fowls  can  be  kept  off  the  crop  till  it  has  got  a  good  start 
If  the  fowls  have  farm  range  and  a  yard  is  only  needed  for  the 
breeding  stock  while  eggs  are  wanted  for  hatching,  it  need  not  be  so 
large,  as  the  crop  can  get  a  good  start  before  the  hens  are  put  on  it, 
and  then  will  last  for  the  time  that  the  breeding  is  done.  After  the 
breeding  season,  the  hens  should  be  turned  out  with  the  rest  of  the 
flock,  and  the  yard  will  make  a  good  place  to  confine  the  male  in  till 
he  is  needed  for  breeding  purposes  again. 
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Fio,  7.    A  corner  of  the  Scratching  Shed,  ihowing  dry  food  hopper  and  grit  and  shell  box. 

BREEDS  OF  FOWLS. 

It  is  not  my  intention  to  attempt  to  describe  all  the  different  breeds 
of  fowls,  as  that  would  take  more  time  and  room  than  can  be  given 
to  it  in  this  Bulletin,  so  I  will  only  give  descriptions  of  the  varieties 
kept  at  the  Station.  Anyone  wanting  a  fuller  description  should 
procure  a  copy  of  the  American  Standard  of  Perfection,  which  gives 
ideal  cuts  and  detailed  descriptions  of  all  standard  varieties  of  fowls, 
ducks,  geese  and  turkeys. 

As  previously  stated,  the  cuts  shown  here  are  made  from  photo- 
graphs of  birds  in  our  breeding  pens,  and  in  most  cases  give  a  good 
idea  of  the  quality  of  the  stock,  but  in  a  few  cases  do  not  do  justice 
to  the  birds  represented,  as  it  is  difficult  to  get  a  good  photograph  of 
a  bird  that  is  not  coop  trained  and  accustomed  to  handling. 

PLYMOUTH   EOCKS. 

The  Plymouth  Rocks  are  the  most  popular  of  all  the  breeds  for 
the  farm.  This  is  especially  true  of  the  barred  variety,  they  being 
the  oldest  variety  of  this  breed  and  the  one  most  commonly  seen  on 
the  farm.  In  fact,  their  popularity  is  so  great  in  many  sections  that 
to  say  Plymouth  Rocks  means  the  barred  variety.  The  good  points 
which  hflve  made  this  variety  so  popular  can  be  found  in  either  the 
buff  or  white  varieties,  and  from  a  market  standpoint  these  lighter 
colored  varieties  have  advantages  over  the  darker  barred  variety. 
All  varieties  are  fairly  hardy,  good  winter  and  fair  summer  layers, 
and  are  good  sitters  and  mothers.  They  lay  brown-shelled  eggs  and 
have  the  yellow  legs  and  skin,  which  most  markets  prefer. 
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Fio.  8.    A  Barred  Plymouth  Rock  Cock.    A  medium  colored  bird  of  good  slse  and  sba] 

(Photo  by  MacNlder. ) 


Fio.  9.    A  Barred  Plymouth  Rock  Hen  that  has  been  a  winner  In  aome  of  the  beet  sbo^ 
in  the  country.    (Photo  by  MacNider.) 

Standard  weights  for  all  varieties  are :  Cock  9^  pounds,  hen  ' 
pounds,  cockerel  8  pounds,  pullet  6^  pounds. 
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Fro.  10.    A  Baff  Plymouth  Rock  Cock  of  excellent  Rhape  and  color. 


Fio.  IL    A  BaflrPljmooth  Rock  Pallet,  No.  6028.    (Photo  by  MacNlder  ) 
WYANDOTTES. 

In  the  Wyandottes  we  have  more  varieties  and  therefore  a  wider 
range  of  choice  in  the  matter  of  color.  The  varieties  we  keep  are 
the  white  and  buff.  °  Q'*'^^^  ^y  v^uuy  le 
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The  white,  although  not  the  oldest  variety,  are  the  most  popu 
and  for  the  last  few  years  have  been  one  of  the  largest  classes 
Fairs  and  Poultry  Shows. 


Fig.  12.    A  White  Plyroouth  Etock  Cockerel.    (Sold  to  N  C.  Department  of  A^culture 
for  their  Edgeoom be  Cou  u ty  Test  Farm. )    (Photo  by  MacNlder. ) 


Fig.  18.    A  White  Plyroouth  Rock  Ueu  of  ^ood  shape  and  absolately  white. 

The  Wyandottcs  have  the  same  general  characteristics  as  the  Ply 
mouth  Rocks,  but  are  smaller  and  more  blocky.  They  are  quick  ma 
turing  and  make  first-class  broilers  or  me^j^g^^-^f^^WS^rs.    AL 
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varieties  have  the  rose  comb.  They  are  good  winter  and  fair  summer 
layers,  are  good  setters  and  mothers,  lay  brown-shelled  eggs  and 
have  yellow  skin  and  legs. 

Standard  weights  are :  Cock  8^  pounds,  hen  6^  pounds,  cockerel  7^ 
pounds,  pullet  5^  pounds. 


Z0..14     A  Tery  typical  White  Wyandotte  Cook  of  good  color.    (Photo  by  MaoNldcr.) 


lo.  1&.    Wtdte  Wyandotte  PnUet    Note  the  neat  head,  fhll  breast,  short  slightly  cushioned 

back  and  well  spread  tail. 
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Fig.  16.    A  Baff  Wyandotte  Cockerel  of  good  style 


Fig  17.    A  BuflT  Orpington  Cockerel  of  sound  color  and  good  bhape. 
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ORPINGTONS. 

There  are  several  varieties  of  this  breed,  but  the  Single  Comb  Buff 
are  by  all  odds  the  most  popular  and  the  most  commonly  kept,  and 
are  the  only  variety  that  we  keep. 

They  are  a  comparatively  new  breed,  of  English  origin  and  were 
first  brought  to  this  country  in  1898  and  were  admitted  to  the  Stand- 
ard in  1902.  They  are  the  largest  of  what  may  be  called  the  general 
purpose  breeds.  They  are  fairly  hardy,  good  winter  and  fair  sum- 
mer layers,  are  good  setters  and  mothers  and  lay  brown-shelled  eggs, 
but  have  white  flesh  and  legs.  The  chicks  grow  and  feather  rapidly 
and  make  good  broilers  and  roasters. 

Standard  weights  are:  Cock  10  pounds,  hen  8  pounds,  cockerel  8^ 
pounds,  pullet  7  pounds. 

LEGHORNS. 

This  breed  has  also  a  number  of  varieties,  but  those  most  com- 
monly seen  are  the  Single  Comb  White  and  Brown. 

The  Leghorns  are  classed  as  one  of  the  egg  breeds  and  are,  as  a  rule, 
prolific  layers,  especially  in  warm  weather.  My  experience  has  been 
that  they  do  not  do  as  well  as  some  of  the  heavier  breeds,  such  as  the 
Plymouth  Rocks  and  Wyandottes,  during  the  winter,  and  are  more 
susceptible  to  wTather  changes,  a  cold  snap  checking  egg  production 
much  more  in  them  than  in  the  heavier  fowls. 


PiQ.  18.    White  Leghorn  Cook  and  Hen.    Birds  of  good  shape  and  color  and  the  hen  a 
good  layer  of  extra  large  eggs. 

The  white,  as  a  rule,  lay  larger  eggs  than  the  browns,  due,  no 
doubt,  to  their  having  been  more  carefully  selected  and  bred  for  this 
point,  as  they  are  largely  used  to  supply  the  Xew  York  market,  whiclt 
pays  a  premium  for  large,  white-shelled  eggs. 
Bulletin  195 2 
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There  is  no  standard  weight  for  the  Leghorns,  but  size  is  of  im- 
portance and  is  recognized  in  the  Standard,  eight  points  being  al- 
lowed for  this  point.  A  large  strain  of  Leghorns  make  good  broilers 
as  well  as  good  layers,  if  the  demand  is  not  for  a  very  large  broiler, 
as  they  feather  quickly  and  for  the  first  three  months  make  rapid 
growth. 

MINORCA. 

The  Minorca  is  the  largest  of  the  egg  breeds  and  the  only  one  that 
has  a  standard  weight.  They  are  good  layers  of  extra  large  e^, 
and  where  a  premium  can  be  had  for  extra  large  eggs  will  make  a 
good  fowl  to  keep,  but  my  experience  has  been  that  they  are  not  as 
economical  producers  as  the  Leghorn. 

Standard  weights  for  the  Single  Comb  Black  are;  Cock  9  pounds, 
hen  7^  pounds,  cockerel  7^  pounds,  pullet  6^  pounds. 

LIGHT  BRAHMA. 

This  is  the  largest  breed  of  poultry,  and  where  large  roasters  or 
capons  are  wanted  they  will  answer  well,  but  on  account  of  their 
large  size  and  slow  maturing  they  are  not  well  adapted  to  the  produc- 


FiQ.  19.    A  Fine  Light  Brahma  Ck>ckerel  and  Pullet. 

tion  of  broilers  and  small  roasters.  On  account  of  their  feathered 
legs  they  are  not  well  liked  by  many  for  our  warm  climate. 

They  are  fairly  hardy,  fair  winter  layers  and  only  fair  as  sitters 
and  mothers  as,  on  account  of  their  large  size,  they  are  often  clumsy 
and  are  apt  to  break  the  eggs  and  crush  the  chicks. 

Standard  weights  are:  Cock  12  pounds,  hen  9^  pounds,  cockerel 
10  pounds,  pullet  8  pounds. 
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TEKIN    DUCKS. 


The  Pokin  may  justly  be  called  the  market  duck  of  America,  as 
they  are  used  for  this  purpose  almost  exclusively  on  the  large  duck 
ranches.     They  are  hardy,  fair  layers  and  mature  quickly.     As  a 


Fig.  20.    Pckin  Ducks  tlve  weeks  old.    (Photo  by  Hume.) 

rule,  they  do  not  become  broody  and  hens  or  incubators  must  be  used 
to  hatch  the  young. 

When  raised  for  market  they  should  be  forced  from  the  start  and 
marketed  as  soon  as  fully  feathered,  which  is  usually  at  about  ten 
weeks  old.  If  kept  longer  the  profit  is  not  so  large,  as  they  moult 
soon  after  this  time,  and  most  of  the  food  goes  to  the  production  of 
feathers  instead  of  meat. 


Fio.  21.    The  Kume  DuckH  ihree  weeks  latei. 

It  is  an  advantage  to  have  water  for  the  breeding  stock,  as  the 
e^gs  are  usually  more  fertile  under  these  conditions,  but  it  is  not 
absolutely  necessary,  as  fair  success  can  be  had  without  water  except 
a  plentiful  supply  for  drinking  purposes.  The  young  ducks  will 
grow  faster  and  fatten  better  if  kept  away  from  the  water.^  , 
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SELECTING  THE  BREEDING'  STOCK. 

Many  think  that  if  they  are  going  to  do  anything  with  poultry  they 
must  have  several  different  varieties.  For  the  farm  they  could 
hardly  make  a  more  serious  mistake.  In  the  first  place,  where  more 
than  one  variety  is  kept,  the  fowls  must  be  confined  or  they  will 
cross,  and  you  will  soon  have  no  pure  bred  stock.  If  you  have  to 
confine  your  fowls  you  lose  one  of  the  greatest  advantages  that  the 
fanner  has  in  keeping  fowls,  as  when  they  have  free  range  they  will 
find  a  large  proportion  of  their  food  which  would  otherwise  go  to 
waste. 

Secondly,  if  you  have  several  varieties,  you  lose  that  uniformity 
of  your  product  which  is  desirable  either  in  your  poultry  or  eggs. 

Perhaps  the  most  common  mistake  made  by  farmers  in  their  breed- 
ing of  poultry  is  that  they  breed  from  all  the  hens  in  the  flock  with- 
out any  pretense  of  selection.  Our  progressive  farmers  are  all  wide 
awake  to  the  necessity  of  seed  selection  if  they  want  to  get  the  best 
returns  from  their  field  crops  but  few  have  thought  it  necessary  to 
carry  this  matter  of  selection  to  their  poultry  where  it  will  give  just 
as  good  returns  as  in  any  otiier  crop  raised  on  the  farm. 

In  selecting  breeding  stock  the  first  consideration  should  be  given  to 
constitution  and  vigor.  Without  this  neither  male  or  female  will  ever 
be  a  success  in  any  branch  of  poultry  work.  A  cock  who  is  always 
on  the  move,  calling  the  hens  and  scratching  for  them,  whose  crow  is 
the  loudest,  the  first  to  be  heard  in  the  morning  and  the  last  at  night, 
is  not  apt  to  be  lacking  in  this  respect.  If  in  addition  to  this  you 
have  a  bird  that  is  well  set  up  on  good  stout  legs  placed  well  apart, 
with  a  full  well-rounded  breast,  a  broad  back  with  the  width  carried 
well  back  to  the  tail,  a  stout  neck,  not  too  long,  and  a  broad  head  and 
full,  bright  eye,  you  have  one  that  is  all  right  to  head  your  pen,  no 
matter  what  his  breed  may  be. 

The  females  should  have  the  same  general  characteristics. 

Watch  the  hustlers.  The  hen  first  down  from  the  roost  in  the 
morning  and  last  up  at  night,  always  on  the  himt  for  something  to 
eat,  is  the  one  that  is  likely  to  give  you  the  eggs.  The  one  that  gets 
off  the  roost  when  you  come  to  feed  and  sits  around  after  being  fed 
is  more  than  apt  to  be  a  drone  in  the  flock. 

Select  as  many  of  your  best  hens  as  you  think  will  be  needed  to 
raise  as  many  chicks  as  you  want  and  mate  them  with  a  cock  such  as 
described,  giving  them  a  small  house  and  yard  to  themselves  for  the 
breeding  season  and  you  should  make  good  progress  in  the  improve- 
ment of  your  flock. 

If  you  need  more  hens  than  one  male  can  attend  to,  have  two  males 
and  run  them  with  the  hens  on  alternate  days  to  avoid  fighting.  It 
is  always  better  to  have  too  few  rather  than  too  many  hens  with  the 
male.     I  have  found  on  several  occasions  tMl^^TE^  WM&^c^tduce  the 
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number  of  hens  in  the  pen  and  increase  the  number  of  chicks  from 
the  pen. 

Fowls  in  their  second  year  are  generally  the  best  for  breeders,  and 
you  then  have  the  advantage  of  being  able  to  select  those  that  have 
been  the  best  performers  in  their  first  year.  There  would  be  no 
objection  to  occasionally  using  a  well  developed  pullet  in  the  pen  if 
she  had  some  point  of  excellence  in  a  marKed  degree  and  if  you  mate 
her  with  a  cock,  but  the  practice  of  continually  breeding  from  pullets 
and  cockerels  will  almost,  without  exception,  end  in  a  deterioration 
of  the  flock. 

FEEDS  AND  FEEDING. 

In  most  placej  in  the  South  the  condition  of  high-priced  feeds  has 
to  be  faced,  and  it  is  not  likely  there  will  be  any  change  in  this 
condition  as  long  as  we  have  to  depend  on  the  Northern  and  Western 
States  for  a  large  proportion  of  our  supply. 

Let  us  divide  the  feeds  into  three  classes,  viz.  Grains  and  their 
products.  Green  feeds  and  Animal  feeds. 

For  grain  food  we  have  to  depend  almost  exclusively  on  the  follow- 
ins::  Corn,  wheat  (mostly  screenings),  and  oats. 

We  feed  considerably  more  corn  than  all  the  other  grains  put  to- 
gether, because  it  is  the  cheapest  feed  that  we  can  get  and  we  can  get 
it  at  all  times,  which  we  can  not  say  of  the  other  grains,  at  least  at  a 
price  that  would  admit  of  their  being  fed  to  poultry.  All  our  corn 
i-^  fed  either  as  cracked  corn  or  corn  meal.  We  feed  no  whole  corn  at 
all.  Com  is  a  carbonaceous  food,  supplying  heat  and  fat-producing 
materials  in  excess  of  the  wants  of  fowls  under  most  conditions,  but 
bv  combining  it  with  green  and  animal  food  we  are  able  to  use  it 
quite  largely  and  make  it  the  base  of  our  ration.  On  account  of  the 
large  size  of  whole  corn  the  fowls  can  get  a  feed  of  it  with  practically 
no  work,  and  it  is  to  get  over  this  condition  that  we  crack  it  Fed 
in  this  way  in  litter  where  the  fowls  have  to  scratch  for  all  they  get, 
it  can  be  more  liberally  fed  without  the  fowls  becoming  over  fat 
from  it. 

Wheat  is  generally  conceded  to  be  the  best  one  grain  for  poultry. 
It  contains  food  elements  in  very  nearly  the  proportions  that  fowls 
nt  od  them.  In  this  neighborhood  it  is  not  often  that  good  wheat  can 
be  bought  at  a  price  that  will  allow  of  its  being  used  for  poultry  feed. 
Good  wheat  screenings,  when  they  can  be  got,  are  almost  as  good  as 
milling  wheat  for  poultry  feed,  but  this  will  not  apply  to  samples 
that  are  largely  made  up  of  chaff  and  wTed  seeds.  It  is  more  im- 
portant to  buy  screenings  by  weight  than  sound  grain,  as  it  will  not 
weigh  as  much  to  the  measured  bushel,  and  if  bought  by  the  measure 
one  often  pays  as  much  for  it  as  for  good  milling  wheat. 

Oats  of  good  quality  contain  about  the  same  food  value  as  wheat, 
but  on  account  of  the  coarse  husk  are  not  as  well  liked  as  wheat  or 
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com.  Fed  either  ground,  or  soaked  in  water  for  some  hours,  they  are 
eaten  better.  They  are  specially  good  for  feeding  to  growing  breed- 
ing stock. 

Com  meal,  wheat  bran  and  ground  oats  are  used  in  making  our 
mash.  It  is  important  that  the  fowls  have  an  abundant  supply  of 
green  food  at  all  times  if  they  are  to  do  their  best.  1  have  often 
thought  that  the  Southern  farmers  and  poultrymen  are  not  making 
the  most  of  the  advantage  they  have  in  a  mild  winter  by  having  a 
growing  crop  of  some  kind  for  their  fowls  to  nm  on.  The  value  of 
the  green  food  comes  quite  as  much  from  the  action  it  has  on  the 
digestive  system,  toning  it  up  and  keeping  the  fowl  in  good  health, 
as  from  its  actual  food  value.  It  seems  to  be  specially  necessary  and 
beneficial  where  we  depend  largely  on  com  incur  ration. 

We  have  used  several  crops  for  winter  green  food,  some  of  the  best 
being  rye,  rape  and  salad  turnip. 

Rye  is,  I  believe,  the  best  all  round  crop  for  this  purpose,  as  it  is 
quick  growing  and  stands  pasturing  by  the  fowls  well,  and  if  not 
pastured  too  heavily  will  last  from  October  till  the  middle  of  May, 
giving  good  grazing  all  through  the  winter  in  our  average  winter. 

Rape  and  turnip  make  good  grazing  for  a  while,  but  my  experience 
has  been  that  they  do  not  last  as  well  as  the  rye,  and  they  are  harder 
to  grow,  requiring  better  land  and  a  better  preparation  than  for  rye. 

Clover  makes  a  fine  crop  for  this  use,  but  is  not  so  certain  of  mak- 
ing a  stand  as  the  other  crops  mentioned. 

In  sections  where  cabbage  is  grown  the  heads  that  are  not  market- 
able can  often  be  had  for  the  hauling  or  at  a  merely  nominal  cost  and 
make  a  good  winter  feed. 

THE  EFFECT  OF  GREEN  FOOD  ON  THE  FOWLS. 

In  order  to  test  the  effect  of  green  food  on  fowls  enough  hens  to 
eat  out  completely  all  the  rye  in  one  pen  were  put  in  during  the  fall. 
Then  two  lots  of  Barred  Plymouth  Rocks,  as  nearly  alike  in  age  and 
condition  as  possible,  were  mated.  One  lot  was  put  in  the  pen  from 
which  the  rye  had  been  removed  and  the  other  in  a  similar  pen  along- 
side of  the  first  and  which  had  a  good  stand  of  rye  in  it.  The  housing 
and  feeding  of  both  pens  were  the  same  except  in  the  matter  of  the 
green  food. 

Below  you  will  find  recorded  the  number  of  eggs  laid  by  each  pen 
for  the  months  of  February,  March  and  April: 

With  Rye.  Without  Eye. 

February   71  G5 

]\rarch ^0  82 

April S3  30 
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This  shows  an  increase  of  63  eggs  in  favor  of  the  fowls  having  the 
green  feed.  The  feed  of  both  pens  was  a  mash  composed  of  equal 
parts  of  com  meal  and  wheat  bran  with  10  per  cent  of  beef  scrap 
added ;  for  grain  they  had  cracked  corn  and  wheat  screenings  in  the 
proportion  of  two  parts  of  com  to  one  of  wheat.  Early  in  April  our 
supply  of  wheat  screenings  was  exhausted  and,  being  unable  to  get 
any  more,  both  pens  had  no  grain  except  cracked  com.  Before  the 
end  of  April  the  fowls  without  rye  went  badly  out  of  condition  and 
three  of  them  died  from  indigestion  and  liver  trouble.  The  balance 
of  the  flock  were  turned  out  on  grass  and  have  come  round  all  right. 
These  were  the  only  cases  that  we  had  of  indigestion  this  spring, 
although  all  our  fowls  were  fed  the  same  food  with  the  addition  of 
green  food  of  some  kind. 

I  think  this  case  indicates  very  clearly  the  value  of  green  food,  espe- 
cially when  used  in  conjunction  with  a  ration  made  up  largely  of 
com. 

ANIMAL  FOOD. 

Animal  food  may  be  supplied  in  several  different  forms;  the  most 
common  probably  being  some  of  the  commercial  feeds  put  out  by  the 
packing  houses,  such  as  beef  scrap,  meat  meal,  blood  meal  and  di- 
gested tankage. 

The  advantage  of  these  feeds  is  that  they  will  keep  well  in  almost 
any  climate  as  long  as  they  are  kept  dry,  and  are  ready  for  use  at  any 
time.  The  only  objection  to  them  is  their  cost,  which  is  higher  than 
green  cut  bone. 

Green  cut  bone,  if  obtainable,  is  probably  the  best  source  of  animal 
food  as  well  as  the  cheapest.  The  objections  to  it  are  the  difficulty  in 
getting  a  regular  supply  of  perfectly  fresh  bones  and  the  work  in  pre- 
paring it  for  the  fowls.  In  many  placci*  bones  can  be  got  from  the 
butcher  for  one-half  cent  per  pound,  and  at  that  price  are  cheaper  than 
commercial  feeds ;  but  it  is  necessary  to  have  the  bone  fed  to  the  fowls 
while  fresh,  and  this  in  summer  means  that  the  bone  must  be  fed  the 
day  that  it  is  cut.  If  allowed  to  become  tainted  it  is  dangerous  to 
the  fowls  and  had  better  be  thrown  away  than  fed  in  that  condition. 

Skim  milk  is  a  source  of  animal  food  that  is  often  overlooked  in 
poultry  feeding,  and  where  it  is  available  is  often  used  for  other 
stock  when  it  could  to  better  advantage  be  used  for  the  hens  and 
^^rowing  chickens.  Our  own  experience  as  well  as  that  of  others 
has  been  that  milk  is  a  very  valuable  addition  to  the  ration  for  laying 
hens,  especially  in  summer. 

The  general  practice  among  poultrymen  is  to  feed  part  of  the 
ration  in  the  shape  of  grain,  either  cracked  or  whole,  and  part  as  a 
mash.  The  advantage  of  the  mash  is  that  by  mixing  the  feeds  the 
hen  is  obliged  to  eat  them  in  the  proportions  in  which  they  are  sup- 
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plied  and  the  ration  can  in  that  way  be  balanced  to  the  needs  of  the 
hen  for  egg  production  or  for  whatever  you  are  feeding  and  not  to 
suit  her  individual  taste.  The  question  to-day  is  not  whether  to 
feed  a  mash  or  not,  but  how  to  feed  the  mash. 

Until  recently  the  common  practice  has  been  to  mix  the  mash  with 
water  or  milk  and  feed  in  a  wet,  crumbly  condition  in  pans  or  in  a 
trough. 

The  difficulty  with  this  method  has  been  that  some  of  the  hens 
would  gorge  themselves  with  this  wet  mash,  which  they  could  gulp 
down  quickly,  and  if  the  quantity  was  not  ample  for  all  some  would 
get  too  much  and  some  not  enough,  the  former  suffering  in  time  from 
indigestion  and  the  latter  never  getting  enough  to  allow  them  to 
make  a  satisfactory  egg  yield. 

Recently  some  have  been  advocating  the  feeding  of  the  mash  dry, 
claiming  that  it  was  a  more  natural  method  and  that  the  fowls  fed 
this  way  were  not  so  liable  to  digestive  troubles,  as  on  account  of  the 
mash  being  dry  it  could  not  be  swallowed  as  readily  as  the  wet  mash 
could,  and  that  the  hens  took  longer  in  feeding,  and  that  the  food 
was  better  mixed  with  the  digestive  juices  and  not  so  liable  to  sour 
in  the  crop  and  cause  trouble.  From  this  beginning  some  have  de- 
veloped a  system  of  feeding  in  which  they  feed  only  once  a  week, 
using  hoppers  to  hold  the  feed,  so  that  it  will  always  be  before  the 
fowls  and  at  the  same  time  being  so  constructed  that  the  fowls  can 
not  get  into  them  and  waste  the  feed.  Some  use  the  hoppers  for  the 
mash  only,  still  feeding  the  grain  in  litter  at  stated  times,  and  others 
feeding  the  entire  ration  from  the  hoppers,  allowing  the  hens  access 
to  the  food  at  all  times.  This  latter  seems  to  give  good  results  for 
fowls  on  range  and  for  growing  stock  also  on  range,  and  it  can  be  seen 
at  a  glance  that  by  this  system  the  expense  of  the  labor  for  feeding 
is  cut  to  a  minimum.  Whether  it  would  be  as  satisfactory  or  not 
for  fowls  in  confinement  I  am  not  prepared  to  say,  as  I  have  not  tried 
it ;  but  for  the  last  four  months  most  of  our  breeding  stock  have  had 
the  mash  part  of  their  ration  dry  in  hoppers  before  them  at  all  times 
and  while  we  have  not  tried  the  system  long  enough  to.  say  positively 
that  it  is  better  than  the  wet  mash  method,  as  far  as  we  have  gone  it 
has  been  a  success  and  it  is  certainly  a  considerable  saving  in  labor 
to  feed  even  the  mash  in  this  way. 

Fig.  7.  shows  the  feeding  box  that  we  use  in  the  breeding  pens. 
This  is  made  with  the  top  hinged  so  that  it  can  be  raised  to  put  the 
feed  in.  It  has  two  compartments,  one  three  feet  long  and  the  other 
one  foot  long,  the  former  for  the  mash  and  the  latter  for  beef  scrap. 
Our  breeding  stock  gets  a  feed  of  grain  in  litter  the  first  thing  in  the 
morning  and  can  help  themselves  to  the  dry  mash  at  any  time  that 
they  care  to.  There  is  no  crowding  at  the  feed  box  the  way  there  was 
at  the  trough  w^hen  the  mash  was  fed  wet  and  all  given  at  one  time 

Digitized  by  VjOOQIC 


FABM  POULTEY.  25 

(luring  the  day.  The  hens  will  take  a  few  mouthfulls  of  mash  and 
then  go  for  a  drink  or  to  look  for  a  stray  grain  of  wheat  or  com,  and 
then  back  to  the  feed  box  again  till  they  are  satisfied.  In  this  way 
a  much  larger  part  of  their  time  is  taken  up  with  their  feeding  and 
tlity  have  less  time  to  get  into  bad  habits,  such  as  feather  pulling  and 
egg  eating. 

The  feed  box  shown  is  only  open  at  one  side  and  is  intended  for 
use  in  the  house  only,  but  by  having  the  slats  on  both  sides  and  the 
cover  made  sloping  from  the  middle  to  both  sides  and  extending  far 
enough  over  the  sides  to  protect  the  contents  from  rain  it  would  an- 
swer well  for  outside  use  for  growing  stock. 

EGG  PRODUCTION. 

When  we  come  to  the  matter  of  egg  production  and  the  selection  of 
breeding  stock  for  that  purpose,  the  suggestions  made  previously  are 
all  right  as  far  as  they  go,  but  for  this  work  we  must  go  further  and 
consider  the  performance  of  each  individual  hen.  This  can  only  be 
done  by  the  use  of  trap  nests. 

This  work  was  first  started  in  February,  1906,  and  while  we  did 
not  find  any  extraordinary  layers  among  our  stock,  we  found  some 
good  ones,  and  also  some  that  certainly  were  not  earning  their  board. 
After  keeping  the  records  for  two  months  we  cut  out  all  the  Barred 
Plymouth  Eocks  but  four,  keeping  the  same  number  of  the  white 
variety  and  only  one  of  the  buff. 

Shortly  after  making  the  selection  we  were  unfortunate  enough 
to  loose  one  of  the  barred  hens  that  gave  promise  of  being  the  best 
layer  in  the  lot  (No.  5118),  and  this  without  getting  any  chicks 
from  her,  as  all  her  eggs  that  were  incubated  were  infertile.  Later 
in  the  season  we  lost,  by  an  accident,  the  next  best  one  of  the  four 
(Xo.  5113),  but  in  this  case  we  secured  three  pullets  from  her. 
These  pullets  were  June  hatched  and  did  not  develop  early  enough  to 
begin  laying  till  the  end  of  February.  Only  one  of  the  three  (No. 
6076)  has  so  far  shown  any  signs  of  having  inherited  her  mother's 
laying  qualities. 

Records  were  kept  last  year  for  only  four  months,  from  the  first  of 
February  till  the  end  of  May.  This  year  we  will  keep  the  records 
for  the  entire  year. 

Below  are  given  last  year's  records  of  the  hens  mentioned  as  being 
reserved  for  this  year's  work.  In  addition  to  these  we  had  the  best 
of  the  pullets  raised  last  spring. 


Digitized  by  LjOOQIC 


26 


N.    C.    AORICULTUEAL    EXPERIMENT   STATION. 


Fig.  22.    Barred  Rock  Hen  No.  5110  (cockerel 
bred).    One  of  our  best  layers. 


FI0.2S  Barred  Rock  Pallet  No.  6070.  Adaugb- 
terof  No  5118,  ai.d  a  promlsiog  layer. 

Feb.  March.  April.  May.    Total. 


Barred 

Rock, 

No.  5110.  .  . 

.    19 

13 

11 

11 

54 

a 

"    .5111... 

.      3 

21 

11 

12 

47 

<( 

"    511.3... 

.      9 

18 

20 

16 

63 

1* 

"    5118... 

.   17 

26 

3* 

46 

White 

70... 

.   17 

19 

11 

12 

59 

(i 

"    5135... 

.   19 

19 

15 

15 

68 

Ci 

"    5137... 

.   10 

14 

13 

37 

cc 

" 

"    5138... 

.    14 

IS 

13 

45 

Buff 

« 

"    5128... 

.     3 

17 

13 

33 

^Became  broody  after  laying  4G  eggs  in  54  days;  was  broken  up, 
but  died  on  the  9th  April. 

Below  are  given  the  records  for  the  first  four  months  of  this  year. 
It  will  be  noticed  that  out  of  the  five  hens  now  in  the  pens  that  were 
in  last  year's  records,  four  have  made  better  records  this  year  than 
they  did  last.  This  it  is  thought  is  due  to  the  change  in  the  manner 
of  feeding  noted  above.  As  the  Buff  Rocks  were  not  mated  up  till 
January  21st,  their  records  are  only  given  for  three  months.  The 
four  pullets,  Xos.  6162,  5052,  6028  and  6163,  are  all  daughters  of 
No.  5128.  Xo.  5128  and  6162  both  became  broody  early  in  April 
and  did  not  begin  to  lay  till  after  May  first.  No.  6028  died  March 
16th.  As  has  been  previously  stated.  No.  6076  was  late  hatched  and 
did  not  start  to  lay  till  the  end  of  February,  so  her  record  for  March 
and  April  only  are  given. 
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Barred  Eock, 
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8 

23 

11 

68 

« 
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16 

16 

12 

62 

(C 

ii 

« 
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18 

42 
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« 
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14 

20 

5 

39 

H 

ii 

« 

6028... 

19 

10 

29 
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« 
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20 

18 

4 

42 
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« 
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17 

23 

18 

58 

ii 

ii 
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14 

23 

19 

56 
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ii 
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9 

14 

15 
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ii 

a 

« 

5137.., 

. .   19 

17 

11 

47 

ii 

a 

« 

6145.., 

..     2 

18 

19 

18 

57 

27 


The  trap  nests  (Figs.  5  and  6)  used  are  of  the  same  design  as  those 
used  at  the  Maine  Agricultural  Experiment  Station.  Fig.  5  shows 
two  of  the  nests  occupied  by  hens  and  the  other  set  ready  for  the  hen 
to  enter.  Fig.  6  shows  the  third  nest  drawn  forward  and  the  top 
raised  to  remove  the  hen  after  she  has  laid. 

We  have  found  this  style  of  nest  very  satisfactory  and  have  had  lit- 
tle trouble  in  getting  the  hens  to  use  them.  Occasionally,  however,  we 
have  a  pullet  that  refuses  to  lay  in  them,  but  by  closing  up  the  space 
shown  at  the  ends  of  the  nests,  so  that  the  hens  can  not  get  behind  or 
in  the  comers  to  hide  their  nests,  we  have  little  trouble  in  this  way. 

COMPARATIVE  KEEPING  QUALITY  OF  FERTILE  AND 
INFERTILE  EGGS. 

The  farmers  of  the  South  suffer  a  heavy  loss  every  summer  on  the 
eggs  that  they  sell  on  account  of  the  poor  condition  in  which  these 
often  reach  the  market.  It  is  such  a  natural  condition  that  in 
warm  weather  any  product  of  this  nature  should  deteriorate  quicker 
than  it  does  in  cool  weather  that  many  peoplo  have  accepted  the  loss 
as  xmavoidable  and  made  no  effort  to  remove  tlio  cause  of  it. 

The  fact  that  an  infertile  egg  will  stand  .i  temperature  of  103 
degrees  for  ten  days  and  still  be  fit  for  ii^e  as  foo'l,  tililiough  of  course 
not  equal  in  quality  to  a  new  laid  egg,  shoii!<l  point  us  to  a  remedy  for 
a  large  part  of  the  trouble  with  eggs  not  keej>iii*i:  in  hot  weather. 

A  fertilized  egg  is  a  living  organism,  and  all  tliut  Ih  ueces.-arv  to 
start  the  growth  of  the  germ  cell  is  heat,  and  whil<*  1U3  t1(»grees  is  the 
best  temperature  for  incubating  the  egg,  it  is  well  known  that  the 
gorm  will  begin  to  develop  at  90  degrees  if  this  heat  is  continued  for 
a  few  hours.  It  is  no  uncommon  thing  for  the  temperature  to  run 
this  high  for  days  at  a  time  in  summer,  and  unless  care  is  taken  to 
keep  the  eggs  in  a  cool  place,  such  as  a  cellar,  they  are  sure  to  be  in- 
jured. Even  if  they  are  so  kept  and  leave  the  shipper  in  good  con- 
dition, they  are  often  ruined  in  shipm.ent,  as  a  short  time  on  a  rail- 
way platform  in  the  sun  will  do  the  mischief.     Thgmedt^hail^tiigllC 
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comes  the  temperature  drops  and  the  germ  dies,  and  where  death 
occurs  putrefaction  always  follows. 

From  this  it  will  be  seen  that  the  fertilization  of  the  egg  is  largely 
responsible  for  the  loss  of  eggs  in  warm  weather.  Therefore,  if  we 
can  prevent  eggs  from  being  fertilized  we  have  removed  the  principal 
cause  of  the  trouble,  and  as  this  can  be  done  by  simply  removing  the 
males  from  the  flock,  there  is  no  reason  why  any  one  should  put  up 
with  loss  from  this  cause. 

In  order  to  ascertain  just  what  the  difference  would  be  between 
the  fertile  and  infertile  eggs,  when  we  were  done  hatching  last  season 
we  left  the  males  in  three  of  the  pens,  removing  them  from  all  the 
rest.  After  ten  days  we  put  up  all  the  eggs  from  the  pens  in  which 
the  males  had  been  left  and  at  the  same  time  put  up  an  equal  num- 
ber from  the  pens  from  which  the  males  had  been  removed.  These 
eggs  we  intended  to  keep  in  a  room  upstairs  where  they  would  be 
under  the  average  conditions  under  which  eggs  would  be  kept  through- 
out the  country.  Rats  destroyed  some  of  them,  and  we  were  obliged 
to  put  them  in  the  incubator  cellar,  which  was  comparatively  cool 
and  the  conditions  were  decidedly  favorable  to  the  fertile  eggs.  The 
eggs  were  gathered  for  two  weeks  and  all  then  stood  for  a  week,  after 
which  all  were  broken  and  examined. 

Of  those  from  the  pens  where  the  males  were,  15  per  cent  were 
bad  and  the  quality  of  the  balance  was  not  as  good  as  that  of  the 
infertile  lot  In  the  infertile  eggs  there  were  none  bad,  and  while 
some  were  slightly  shrunken  the  general  quality  was  good. 

INCUBATION. 

The  hen  is  still  the  most  commonly  used  incubator  on  most  North 
Carolina  farms,  but  there  is  no  doubt  that  artificial  incubation  is  in 
much  more  general  use  now  than  it  was  a  few  years  ago.  Our 
rapidly  increasing  population,  with  more  money  at  their  disposal,  has 
created  a  demand  for  ])oultry  and  eggs  greatly  in  excess  of  the  sup- 
ply, and  there  has  been,  as  a  result,  a  marked  increase  in  the  price 
of  these  product^.  As  the  price  has  advanced  farmers  hjive  been 
more  anxious  to  supply  the  demand,  and  a  great  many  have  looked 
to  the  incubator  to  help  increase  their  stock  of  chickens. 

Where  one  wants  only  a  few  chickens  and  there  is  no  special  de- 
mand for  them  (nirly  in  the  season,  the  plan  of  hatching  by  hens  will 
answer  very  well.  There  has  been  no  incubator  manufactured  to 
date  that  will  do  better  work  than  a  good,  reliable,  broody  hen,  but, 
unfortunately,  all  hens  do  not  make  reliable  setters. 

r  ker])ing  track  of  the  eggs  put  under  hens  and  those  in  my  incu- 
V  jrs,  I  have  on  different  occasions,  when  I  had  a  number  of  hens 
set,  found  practically  no  difference  in  the  percentage  of  chicks 
hatched  by  the  two  methods.     I  have  always  had  some  hens  that 
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would  hatch  a  larger  percentage  than  I  have  ever  been  able  to  get 
from  the  incubator,  but,  on  the  other  band,  I  always  have  some  eggs 
broken  by  the  hens,  and  occasionally  a  hen  will  leave  the  nest  and 
ruin  the  whole  of  the  eggs  given  to  her. 

Whether  it  will  pay  to  use  an  incubator  depends  not  only  on  the 
market  that  is  available,  but  to  a  certain  extent  on  the  person  who 
is  to  look  after  the  machine  or  the  hens.  A  person  who  has  a  natural 
liking  for  working  with  the  hens  and  has  no  mechanical  turn  is  apt 
to  do  better  work  with  the  hens.  There  are  several  makes  of  incuba- 
tors now  on  the  market  that  any  person  of  average  intelligence  can 
operate  successfully,  even  from  the  first,  if  he  will  follow  carefully  the 
instructions  sent  with  the  machine. 

A  great  many  are  disappointed  with  the  results  that  they  get  with 
their  incubators,  because  they  expect  too  much.  Having  read  of 
95  per  cent  to  100  per  cent  hatches,  they  expect  to  get  them  from 
the  start,  while  experienced  poultrymen  are  well  satisfied  if  their 
hatches  run  from  75  per  cent  to  85  per  cent  of  the  fertile  eggs.  Why 
the  balance  of  the  eggs  which  are  fertile  and  often  have  well  grown 
chicks  in  them  do  not  hatch  is  a  disputed  point,  some  claiming  that 
the  trouble  is  in  the  machine  and  others  that  it  is  in  the  eggs  or  the 
stock  that  produced  the  eggs.  I  expect  that  both  are  sometimes  to 
blame.  The  introduction  of  trap  nests  has  shown  me  in  two  seasons 
work  that  I  have  some  hens  whose  eggs  will  almost  every  one  give  a 
live  chick,  either  in  the  machine  or  under  a  hen.  There  are  some 
that  will  hatch  well  imder  a  hen  but  not  so  well  in  a  machine,  and 
others  whose  eggs  will  not  hatch  by  either  method.  All  these  hens 
were  fed  and  cared  for  in  the  same  manner  and,  in  some  cases,  the 
two  extremes  come  from  hens  in  the  same  breeding  pen. 

The  most  striking  example  that  we  had  last  year  of  the  eggs  hatch- 
ing well  in  both  tests  was  the  Buff  Rock  hen.  No.  5128.  Almost  every 
egg  from  this  hen  that  was  incubated  gave  a  chick,  and  the  chicks 
were  unusually  strong  and  vigorous.  It  was  on  account  of  this 
quality  that  this  hen  was  selected  from  all  the  Buff  Rocks  of  last  yoar 
to  be  used  this  year  as  a  breeder.  A  reference  to  the  remarks  on 
pedigree  breeding  for  egg  production  will  show  what  the  hen  and  her 
daughters  have  done  as  egg  producers.  When  I  add  that  a  son  of 
hers  went  through  five  of  the  best  shows  in  the  South  last  fall  and 
winter  and  came  out  with  five  blue  ribbons  to  his  credit,  and  that 
her  daughters  divided  four  of  the  five  firsts  at  these  shows  between 
them,  it  will  be  seen  that  her  selection  has  been  amply  justified.  I 
mention  the  matter  of  the  shows  because  it  requires  birds  of  stamina 
and  vigor  to  make  show  birds  of  the  best  quality  and  to  stand  the 
strain  of  showing  for  any  length  of  time. 

On  the  other  hand,  the  Barred  Rock  hen.  No.  5118,  never  gave  us 
any  eggs  that  would  hatch.     These  two  cases  show  that  there  is  as 
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much  difference  between  hens  in  the  matter  of  laying  eggs  that  will 
hatch,  as  there  is  in  the  number  of  eggs  that  they  will  lay  in  a 
season.  Much  can  be  done  by  careful  selection  of  the  breeding  stock 
to  avoid  the  very  annoying  experience  of  finding  a  large  number  of 
chicks  dead  in  the  shells  when  the  hatch  is  over. 

The  thorough  disinfecting  of  the  incubator  before  each  hatch  will 
also,  I  believe,  give  some  relief  from  this  trouble.  One  bad  egg  in  a  * 
lot  will  contaminate  those  near  it,  and  it  is  quite  a  common  condition 
to  find  at  the  end  of  the  hatch  some  eggs  in  which  the  chicks  have 
died  and  putrefaction  has  set  in.  The  germs  from  these  eggs  remain 
in  the  incubator  and  attack  the  fresh  eggs  put  in  for  the  next  hatch, 
weakening  the  vitality  of  the  chick,  in  many  cases  so  that  it  dies  in 
the  shell,  and  those  that  do  hatch  start  life  with  a  handicap  from  which 
they  never  fully  recover.  The  fact  that  new  machines  often  give  bet- 
ter results  the  first  hatch  than  can  ever  be  got  from  them  again,  and 
that  the  first  hatch  at  the  beginning  of  the  season  often  gives  stronger 
chicks  than  can  be  got  later  in  the  season,  even  with  a  higher  per- 
centage of  fertility,  seems  to  indicate  that  the  sanitary  conditions  in 
the  machine  are  not  as  good  after  a  few  hatches  have  been  run  as  they 
were  at  first.  For  this  disinfection  I  would  recommend  one  of  the 
coal  tar  products  such  as  Creolin  Zeuoleum  or  Chloro-Naptholeum, 
using  a  live  per  cent  solution. 

One  great  advantage  of  the  machine  is  that  it  is  always  ready  to 
use.  What  is  more  annoying  than  to  have  plenty  of  eggs  from  the 
hens  that  you  want  to  hatch  from  and  not  a  broody  hen  to  hatch  them  ? 
A  greater  number  of  eggs  can  also  be  hatched  with  the  same  work  in 
incubators  than  with  hens,  and  the  chicks  have  the  advantage  of  being 
hatched  free  of  lice,  which  is  an  important  consideration  in  our  warm 
climate.  Again,  where  the  incubator  is  used,  the  hen  can  be  kept  at 
work  producing  eggs  instead  of  hatching  them.  It  is  not  often  diffi- 
cult to  break  up  a  broody  hen,  especially  early  in  the  season,  if  she 
is  taken  from  the  nest  as  soon  as  she  becomes  broody  and  put  in  a 
strange  pen  where  there  is  no  nest.  I  have  frequently  had  a  hen 
back  in  the  breeding  pen  and  laying  in  a  week's  time.  But  the 
sooner  they  are  moved  after  they  take  to  the  nest  the  easier  it  is  to 
break  them. 

If  this  plan  is  followed  for  a  few  years  it  will  be  found  that  the 
hens  will  become  less  and  less  addicted  to  the  habit  of  setting  and  will 
be  easier  broken  from  it  when  they  become  broody. 

When  hens  are  used  for  hatching  they  should  always  be  moved 
from  the  hen  house  and  put  where  other  hens  can  not  bother  them. 
There  is  little  danger  of  breaking  up  the  hen  if  she  is  moved  carefully 
after  dark.  I  prefer  to  make  the  nest  on  the  ground,  using  the  skele- 
ton nest  referred  to  previously,  laying  a  plank  on  top  and  throwing  a 
sack  over  the  front  for  a  day  or  two  till  tlie  hen  becomes  accustomed 
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to  the  new  quarters,  when  both  sack  and  plank  may  be  removed.  Hol- 
low the  earth  slightly  and  make  the  nest  with  soft  hay  or  straw. 

The  hen  should  have  a  good  dusting  with  insect  powder  two  or 
three  times  during  the  hatch,  the  last  time  just  before  the  eggs  are 
due  to  hatch.  If  the  hen  has  to  be  covered  up  at  the  first  it  is  better 
to  delay  the  first  dusting  till  the  cover  is  removed,  as  some  of  the 
lice  powders  now  on  the  market  are  so  strong  that  they  will  injure 
the  hen  if  freely  used  on  the  hen  when  closed  up  in  a  small  space. 
If  a  number  of  hens  are  set  in  the  same  place  it  is  best  to  remove 
ihem  once  a  day  for  feeding  and  see  that  they  get  back  on  the  nests 
again,  otherwise  two  may  take  to  the  same  nest  and  let  a  lot  of  eggs 
get  chilled. 

Alany  people  do  not  use  an  incubator  because  they  think  that  they 
have  no  place  suitable  in  which  to  run  it,  thinking  that  in  order  to 
jret  good  results  a  special  incubator  house  is  necessary.  The  fact  is, 
that  incubators  are  successfully  operated  in  about  as  many  different 
kinds  of  places  as  those  in  w^hich  hens  are  kept.  If  several  machines 
are  used  it  will  be  better  to  have  places  that  are  not  used  for  any  other 
purpose.  The  best  conditions  for  artificial  incubation  are  a  fairly 
even  temperature,  good  ventilation  without  drafts,  suflScient  light, 
without  the  direct  sunlight  striking  the  machine,  and  a  fair  supply 
of  moisture.     A  cellar  usually  supplies  the  even  temperature  and 


Flo.  2i.    A  good  ityle  of  outdoor  brooder,  givioK  plenty  of  room  and  light. 

moisture  necessary,  but  is  often  diflScult  to  ventilate  properly.  Ven- 
tilation is  an  important  point,  especially  if  several  machines  are 
used  at  the  same  time,  as  the  lamps  use  up  a  large  amount  of  oxygen, 
and  imless  this  is  provided  for  the  hatches  are  not  apt  to  be  satis- 
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factory,  either  from  the  standpoint  of  the  number  of  chicks  hatched 
or  the  vitality  of  the  chicks.  A  room  partly  under  and  partly  above 
ground  gives  perhaps  the  best  all  round  conditions,  as  here  we  get  the 
advantage  of  the  cellar  in  the  matter  of  a  constant  temperature  and 
a  good  supply  of  moisture,  and  the  ventilation  is  much  easier  pro- 
vided. Our  incubator  room  is  built  in  this  way  and  is  ventilated 
entirely  from  the  windows,  a  cotton  screen  being  fastened  just  out- 
side the  top  half  of  the  window  and  the  windows  lowered  more  or 
less,  as  weather  conditions  make  necessary.  The  cotton  screen  allows 
the  air  to  pass  freely  into  the  room  without  mtiking  a  draft  that  would 
chill  a  machine  or  interfere  with  the  lamps. 

After  setting  up  the  incubator  it  is  better  to  run  it  for  a  day  oi 
two  before  putting  in  the  eggs,  so  that  you  may  be  sure  that  it  is  all 
right  and  that  the  regulator  is  working  properly.  When  everything 
is  running  to  your  satisfaction  put  the  eggs  in  and  follow  the  direc- 
tions sent  with  the  machine.  Don't  think  that  you  know  more  about 
it  than  the  manufacturer  does  and  try  to  run  it  as  you  or  your  friend 
have  run  some  other  make  of  machine  or  you  will  be  apt  to  make  a 
failure  of  it. 

No  matter  whether  it  is  the  hen  or  incubator  that  is  hatching  the 
chicks,  keep  away  from  it  at  the  time  that  the  hatch  is  coming  oflf. 
A  hen  is  often  worried  by  attention  at  this  time  and  trampled  chicks 
are  the  result.  With  the  machine  there  is  often  a  temptation  to 
open  it  to  help  out  a  chick  that  seems  to  be  having  a  hard  time  in 
getting  out  of  the  shell,  and  in  doing  so  you  injure  a  number  of 
chicks  to  help  one  that  will  never  amount  to  anything.  A  chicken 
that  can  not  break  the  shell  and  get  free  himself  is  not  worth  saving. 

When  the  hatch  is  over  do  not  be  in  a  hurry  to  move  the  chicks. 
They  do  not  need  any  attention  or  feed  for  forty-eight  hours  and  are 
better  left  in  the  machine  or  under  the  hen  for  this  length  of  time. 
Care  should  be  taken  to  see  that  the  chicks  do  not  get  chilled. 

If  they  are  to  be  raised  in  a  brooder,  this  should  have  been  pre: 
pared  by  littering  with  finely  cut  clover  or  something  of  this  nature, 
and  being  warmed  up  till  the  thermometer  records  ninety  degrees 
under  the  hover.  The  addition  of  the  chicks  will  raise  the  tempera- 
ture to  about  ninety-five  degrees,  and  it  should  be  kept  at  this  for 
the  first  week  and  then  gradually  reduced  till  the  chicks  are  feathered 
and  can  do  without  heat.  Water  and  sharp  sand  or  chick-sized  grit 
should  be  put  in  the  brooder  at  the  time  that  the  chicks  are  moved. 
On  the  second  day  after  they  are  hatched  they  may  be  given  two 
light  feeds,  increasing  the  number  of  feeds  one  a  day  till  they  are 
getting  five  a  day.  Give  only  a  little  at  a  time  and  give  it  often, 
increasing  the  number  of  feeds  rather  than  the  amount  given  at  a  feed. 
This  I  believe  is  just  as  important  as  what  you  feed. 

There  are  several  feeds  that  are  good  for  young  chicks.  It  is 
hard  to  say  which  is  best  or  that  anv  one  is  best.     I  believe  that  in 
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most  cases  a  variety  will  give  the  best  results.  Rolled  oats  or  the 
old-fashioned  oat  meal,  finely  cracked  corn  or  wheat  and  an  occasional 
feed  of  millet  seed  makes  a  good  ration  for  chicks.  These  may  be 
fed  in  rotation  or  mixed  and  fed  together.  A  mixture  of  one  part 
oat  meal,  one  part  finely  cracked  com,  two  parts  cracked  wheat  and 
one  part  of  millet  seed  will  make  a  good  feed.  This  may  be  supple- 
mented by  one  feed  a  day  of  combread  made  of  two  parts  of  coarse 
com  meal  and  one  part  of  wheat  middling*^*  mixed  with  sour  milk 
and  a  little  soda  and  salt.  Bake  till  thoroughly  dry  and  crumble 
with  hard  boiled  egg  in  the  proportion  of  four  parts  of  the  bread  to 
one  of  egg.  At  the  end  of  two  weeks  substitute  a  dish  of  beef  scrap 
for  the  bread  and  egg,  continuing  the  grain  mixture  till  the  chicks  are 
old  enough  to  eat  wheat  and  cracked  corn,  when  they  may  be  fed  the 
same  as  the  old  stock.     (See  remarks  on  dry  feeding  on  page  21.) 

A  plentiful  supply  of  pure,  fresh  water  should  be  before  them  at 
all  times,  and  if,  in  addition,  you  can  give  all  the  skim  milk  that  they 
will  drink  the  beef  scrap  may  be  omitted. 

Fig.  24  shows  a  good  style  of  out-door  brooder.  The  size  is  three 
feet  by  six  feet,  divided  into  two  compartments  by  a  removable  par- 
tition. The  left-hand  end  contains  the  hover  and  the  chicks  are 
better  confined  to  this  end  for  the  first  few  days,  when  they  may  be 
allowed  to  go  into  the  nursery  end  at  will,  care  being  taken  to  see 
that  they  find  their  way  back  the  first  day  or  two.     The  door  on  the 


Fie.  2Su    A  RoofltlJir  Coop,  loitable  for  cblcki  fW>m  the  time  they  are  weaned  till  they 
go  Into  winter  quarters. 

nuTBCTy  is  double,  having  glass  and  wire  screening,  so  that  the  glass 
may  be  opened  without  the  chicks  being  able  to  get  out  of  the  brooder, 
and  in  this  way  they  can  be  gradually  hardened  to  the  outdoor  tem- 
perature before  being  allowed  outside.  Digitized  by  v^uu^ it: 
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When  the  chicks  are  old  enough  to  do  without  heat  the  partition 
and  the  heater  may  be  removed,  giving  more  room  to  the  chicks. 

When  the  nights  become  warm  1  prefer  to  substitute  for  the 
brooder  the  roosting  coop,  shown  in  Fig.  25,  as  it  is  more  airy  and 
still  affords  protection  from  storms,  and  can  be  closed  to  keep  out 
dogs  or  other  enemies  of  the  chickens.  This  coop  will  be  all  that  is 
necessary  till  the  chickens  are  ready  for  winter  quarters.  I  have 
wintered  capons  in  one  of  these  coops  with  good  results. 

HEALTH  AND  DISEASE. 

I  have  tried  to  outline  above  a  method  of  management  that  will 
reduce  the  loss  from  disease  to  a  minimum.  There  is  no  place  where 
the  old  adage,  "an  ounce  of  prevention  is  worth  a  pound  of  cure,"  is 
more  true  than  in  the  treatment  of  disease  in  poultry.  There  are  two 
reasons  for  this  being  so.  In  the  first  place  the  value  of  the  individual 
hen  is,  in  most  cases,  so  small  that  it  will  cost  as  much  or  perhaps 
more  to  cure  her  than  she  is  worth.  Secondly,  if  you  do  cure  her 
she  should  never  be  used  in  your  breeding  pen,  as  she  will  be  very 
likely  to  transmit  to  her  offspring  the  weakness  that  made  her  more 
subject  to  disease  than  the  rest  of  the  pen  in  which  she  was.  The 
question,  therefore,  is  more  how  to  prevent  disease  than  how  to  cure  it. 

Let  mo  give  you  a  few  of  the  things  that  you  can  do  to  help  in 
keeping  your  flock  free  from  disease.  Use  for  your  breeding  stock 
only  birds  that  are  strong  and  vigorous,  fully  matured  and  in  the 
best  possible  condition.  House  this  stock  in  a  dry,  well-ventilated, 
sunny  house.  Feed  a  variety  of  foods,  including  grains,  animal 
food  and  green  food ;  and  lastly,  but  by  no  means  least,  keep  the  house 
clean  and  free  from  lice  and  mites. 

I  have  mentioned  before  some  of  the  indications  of  health  and  vigor 
in  breeding  stock,  and  also  of  the  way  to  build  the  poultry  house,  and 
of  some  precautions  that  should  be  taken  to  help  in  the  fight  against 
lice  and  mites.  I  will  say  more  here  about  these  pests  and  how  to  get 
rid  of  them,  as  I  am  convinced  that  most  of  the  troubles  that  we  have 
with  our  fowls  arc  due  entirely  to  lice  and  filth. 

Poultry  parasites  may  be  roughly  divided  into  two  classes:  lice, 
which  live  on  the  fowls,  and  mites,  which  live  in  the  house  and  attack 
the  fowls  when  on  the  roost  or  in  the  nest. 

The  former  are  easier  to  ficcht,  as  they  are  found  on  the  fowls,  and 
can  be  killed  by  the  \ise  of  insect  powders,  many  of  which  are  put 
\ip  s]>ecially  for  use  on  poultry.  A  good  powder  can  be  made  by 
using  tobacco  dust  or  even  road  dust,  to  which  has  been  added  a 
small  quantity  of  napthalin  flakes.  Be  careful  not  to  use  too  much 
of  the  napthalin,  as,  while  it  will  kill  the  lice,  it  will  also  injure  the 
fowls.  Young  chicks  are  sometimes  killed  by  being  brooded  by  hens 
that  have  had  a  heavy  dusting  with  a  powdergiljid  s^ich  there  is  an 
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excess  of  this  material.  Some  of  the  special  lice  powders  at  present 
on  the  market  have  been  causing  trouble  in  this  direction. 

Mites  are  more  dangerous,  both  on  account  of  their  being  blood- 
sucking insects,  and  thus  weakening  the  fowls  very  rapidly,  and  also 
because  from  their  manner  of  living  in  the  house  and  only  attacking 
the  fowls  at  night  they  are  often  present  a  long  time  before  their 
presence  is  suspected.  They  are  also  harder  to  get  at  and  kill,  as 
they  get  into  the  cracks  and  crevices  of  the  building  and  thus  escape 
the  means  taken  to  destroy  them. 

They  may  be  killed  by  thoroughly  whitewashing  the  house  with 
a  wash  to  which  has  been  added  a  teacupful  of  crude  carbolic  acid, 
creolin  or  a  liquid  lice  paint  to  every  5ve  gallons  of  the  wash. 

Kerosene  emulsion  will  also  kill  them  and  is  cheap  and  easily 
applied  with  a  spray  pump.  It  is  made  by  dissolving  one  pound  of 
hard  soap  in  one  gallon  of  hot  water  and,  wliile  hot,  adding  two  gal- 
lons of  kerosene,  and  thoroughly  stirring  till  cool.  If  you  have  a 
spray  pump  put  the  hot  mixture  into  this,  turn  the  nozzle  into  the 
can  and  pump  it  till  cool.  When  wanted  for  use  this  stock  may  be 
diluted  by  the  addition  of  seventeen  gallons  more  water,  making 
twenty  gallons  in  all,  of  which  two  gallons,  or  ten  per  cent,  is  kero- 
sene. 

No  matter  whether  you  are  dusting  the  fowls  or  spraying  or  white- 
washing^ the  house,  the  operation  must  be  repeated  to  make  a  good 
job.  In  bad  cases  I  would  advise  doing  it  three  times  at  intervals  of 
six  days.  In  this  way  you  get  the  second  crop  that  have  hatched 
from  eggs  that  your  emulsion  did  not  reach. 

To  protect  young  chickens  from  the  attacks  of  lice,  especially  the 
large  head  louse,  grease  the  head  and  throat  with  lard.  Try  and 
have  the  heh  free  from  lice  when  the  chicks  are  hatched,  and  by 
preasing  the  head  of  each  chick  when  it  is  put  out  with  the  hen  and 
repeating  the  work  in  a  week,  the  chick  gets  a  good  start.  If  you  let 
a  few  of  the  head  lice  get  on  a  young  chick  you  may  as  well  bury  him 
at  once,  as  he  will,  in  most  cases,  die,  and  if  he  does  not  he  will  never 
amount  to  anything. 

Serious  losses  with  the  chicks  are  often  brought  on  by  people  con- 
tinning  to  raise  them  on  the  same  ground  year  after  year  without 
taking  any  precautions  to  keep  the  ground  from  becoming  poisoned. 

Crop  rotation  is  just  as  good  practice  in  poultry  raising  as  in  any 
other  branch  of  farming.  Grow  your  chicks  on  fresh  ground  every 
year  and  put  the  last  year's  place  in  a  crop  to  use  up  the  droppings 
from  the  chickens.  If  you  are  obliged  to  use  the  same  place  year 
after  year  for  the  chicks  see  that  a  green  crop  of  some  kind  is  put  in 
as  soon  as  the  chicks  are  off  it,  and  let  it  grow  till  wanted  for  next 
year's  chicks. 
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PRACTICAL  SUMMARY. 


Several  apple  diseases,  part  of  them  not  heretofore  recognized, 
are  described  in  this  bulletin.  They  consist  of  two  fruit  rots, 
two  twig  blights  and  a  bark  disease  which  is  called  the  scurf. 

These  diseases  are  all  caused  by  fungi  and  are  therefore  prob- 
ably amenable  to  treatment  with  the  ordinary  sprays.  The  ex- 
istence of  some  of  these  fruit  rotting  fungi  in  winter  upon  twigs 
indicates  the  necessity  of  carefully  pruning  out  all  dead  twigs  to 
prevent  infection  of  the  fruit,  and  of  other  twigs,  in  following 
seasons. 

Spraying,  rendered  necessary  by  old  and  too  well  known  apple 
diseases,  is  made  doubly  important  by  the  discovery  of  these  new 
enemies  to  apple  culture. 
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THE  VOLUTELLA  ROT/ 


BY  F.  L.  STEVENS  AND  J.  G.  HALL. 


A  black  rot  of  apples,  closely  imitating  in  appearance  that  caused 
by  Sphaeropsis,  but  differing  from  the  Sphaeropsis  rot  in  several 
details,  has  been  observed  frequently  in  various  section^  of  this  State, 
on  native  apples  and  on  apples  shipped  into  the  State  from  a  distance. 

In  general  appearance  the  disease  consists  of  a  rotten  black  spot, 
frontispiece,  the  spot  increasing  in  size  until  it  eventually  encompasses 
the  whole  fruit.  The  central  and  older  portions  of  the  decayed  region 
are  of  an  intense  coal  black  color.  The  younger  region  of  the  spot, 
its  outer  border,  a  zone  about  five-eighths  of  an  inch  wide,  is  brownish. 

Close  inspection  reveals  the  presence  of  slightly  elevated  pimple- 
like places  in  the  cuticle.  These  are  found  to  within  about  one-fourth 
of  an  inch  of  the  edge  of  the  spot,  and  become  larger  and  more  pro- 
nounced as  the  center  of  the  spot  is  approached,  indeed,  the  black 
color  of  the  spot  seems  to  be  due  to  the  thick  setting  of  these  black 
pimples  all  over  its  surface.  In  many  instances,  unless  the  spot  be 
quite  old,  no  other  development  is  seen,  and  the  disease  might  readily 


Fio.  2.  The  Volotella  Rot  in  Section. 


be  considered  to  be  the  ordinary  black  rot,  caused  by  Sphaeropsis,  and 
doubtless  often  passes  for  it.     In  older  spots,  however,  the  pimplea 

"  1  Publtehod  Id  part  In  Journal  of  Mycology  vol.  13,  p.  94,  May,  IflieKrS^^^y^^ 
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are  seen  to  Have  broken  through  the  cuticle  of  the  apple,  and  each 
pimple  appears  as  a  small  wart-like  excrescence,  and  a  good  lens 
shows  that  it  is  thickly  beset  with  stiflE  black  hairs.  These  hairs  con- 
stitute the  distinctive  character  of  this  disease,  and  serve  to  separate 
it  with  ease  and  certainty  from  the  Sphaeropsis  rot,  provided  Uie  rot 
is  developed  far  enough  to  exhibit  this  character. 

On  slicing  the  apple  open  it  is  seen  that  the  zone  most  recently  in- 
vaded is  brownish,  while  all  of  the  older  portion  is  black.     (Fig.  2. ) 

While  the  decayed  portions  are  softer  than  the  healthy,  this  is  in 
no  sense  a  wet  rot,  the  softness  being  due  to  a  spongy  dryness  rather 
than  to  any  watery  breaking  down  of  tissue.  Upon  microscopic  ex- 
amination the  cells  of  the  old  dark,  diseased  portion  of  the  apple  are 
found  to  be  filled  with  a  tangled  mass  of  black  or  dark  brown  fungous 
threads  (Fig.  3),  which  are  richly  septate  and  much  branched.     In 


Fig.  3.    Cell  Invaded  by  Mycelium. 

thickness  they  vary  from  5  to  7  Mu^  in  the  older  portions.  In  the 
newly  invaded  cells  the  mycelium  is  usually  only  about  2  Mu  thick 
and  is  colorless. 

As  the  spot  ages  the  mycelium  develops  more  abundantly  in  a  few 
layers  of  cells  next  to  the  cuticle,  particularly  immediately  under  the 
cuticle.  From  this  sub-cuticular  layer  of  tangled  mycelium  there 
develops  a  cushion  of  hyphae,  which  are  arranged  parallel  and  stand 
upright,  perpendicular  to  the  substratum.  These  hyphae  are  quite 
uniform  in  thickness  and  regular  in  arrangement,  composed  of  diort 

1  1  Mu  equals  1-25,000  of  an  inch. 
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rectangular  cells.     (Fig.    4.)     These  upright  hyphae   increase  in 
lengthy  rupture  the  cuticle  and  develop  the  tubercular  mass,   (Fig. 


Fio.  4.    Palisade  Arrangement  of  Hypbae. 

6),  "sporodochium,"  characteristic  of  the  fungous  order  Tubercula- 
riales.  The  tubercle  attains  a  height  of  100  to  125  Mu  and  a  diameter 
nearly  twice  as  great.     About  midway  from  base  to  top  of  the  sporo- 


FiG  5.    Sporodochia.ln  Section. 

dochium  the  hyphae  become  narrower  and  the  setae  have  their  in- 
sertion (Fig.  6).  The  setae  develop  directly  from  hyphae  which 
stand  amid  sporogenous  hyphae  and  are  indistinguishable  from  them, 
their  only  point  of  difference  being  that  the  setigerous  hyphae  broaden 
out  at  the  end  and  develop  into  typical  setae  while  the  sporogenous 
proceed  to  spore  development  Each  setum  is  produced  from  the 
tip  of  a  single  hypha.  The  setae  are  from  100  to  400  Mu  long, 
tapering  gradually  from  base  to  tip.  At  base  they  are  5  to  8  Mu 
broad.    They  have  from  2  to  5  septa  (Figs.  6  and  7). 

At  the  upper  end  of  the  erect  fuscous  or  black  hyphae,  which  con- 
stitute the  sporodochium,  are  simple,  slender  hyaline  stalks,  "conidio- 
phores,''  from  26  to  35  Mu  x  3  Mu  long,  which  bear  the  spores  (Fig. 
8).  The  conidiophores  together  constitute  the  outermost  layer  of 
the  sporodochium.  -  i 
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Fio.  8.    Basidla  and  Spores. 


Fig.  9. 
Basidla  and  Spores 


^/ 


Fig.  10.    Spores. 


I    ■•    Fio.  7.    Seta  and  Septae. 
Fig.  6.  • 

Showing  Origin  of  Seta. 

The  spores  are  produced  acrogenously,  being  cut  off  from  tips  of 
the  conidiophore  by  a  constriction  of  the  fertile  hyphae  (Fig.  9). 

The  spores  are  oblong-fusoid  to  falcate-fusoid,  with  acute  ends 
(Fig.  10),  hyaline  or  very  slightly  olivaceous,  continuous,  though 
with  the  low  power  of  the  microscope  they  o||^  ^p^gi[jmideptate, 
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due  to  peculiarities  of  the  protoplasm  in  this  region.     They  measure 
from  17  to  23  Mu  long  by  2.5  to  3.5  Mu  broad. 

Placed  in  apple  agar  in  hanging  drop  cultures  they  germinate  in 
about  three  hours.  At  first  by  a  single  hyphal  thread  near  one  end 
of  the  spore  (Fig.  11),  but  later  other  points  of  germination  can  be 
seen.  When  germination  begins  the  spores  become  very  coarsely 
granular.  The  granules  then  become  fewer  in  number  and  larger 
as  germination  proceeds.  Later,  by  the  migration  of  the  granules 
into  the  young  hyphae,  clear  spaces  appear.  At  first  there  are  no 
septae  in  the  hyphae,  but  after  about  25  to  30  hours  a  swelling  is 
usually  seen  at  the  end  of  the  hypha  (Fig.  11),  which  soon  be- 
comes cut  off  by  a  wall.  This  cell  rapidly  assumes  a  dark  color  and 
has  the  appearance  of  the  secondary  spores,  so  characteristic  a  fea- 
ture in  the  germination  of  the  anthracnoses.  As  with  the  anthrao- 
noses  this  body  may  remain  without  further  development  or  it  may 
germinate  inmiediately  (Fig.  12).  The  growth  of  the  hypha  is 
slow,  as  shown  by  Fig.  11.     These  drawings  were  made  from  the 


Fio.  12.    GermlDMtlDg  Spore  and  Secondary  Spores. 

same  spore,  growing  in  a  hanging  drop  culture,  at  periods  of  one  hour. 

Transfers  into  solidified  pea  agar  and  apple  agar  plates  were  made 
under  aseptic  conditions  from  the  regions  immediately  beneath  the 
skin  in  a  diseased  spot;  also  from  the  diseased  tissue  near  the 
boundary  between  diseased  and  healthy  portions,  and  in  every  in- 
stance pure  cultures  of  the  fungus  were  obtained.  By  plating  from 
water  containing  many  of  the  spores  pure  cultures  were  also  obtained. 

When  grown  in  media  containing  starch  or  glucose  the  mycelium 
of  the  fungus  is  densely  black.     In  the  absence  of  ptl^e|^^i^f|^j\te^t 
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18  colorless.  In  none  of  the  artificial  cultures  were  spores 
On  sterilized  apple  twigs,  however,  spores  were  produced  i: 
ance. 


Fiu.  13.    Colony  on  Medulm  Rich  in  Carbohydrate 

The  effect  of  carbohydrate  upon  the  color  of  mycelium 
strikingly  brought  out  in  petri  dish  cultures,  as  is  shown 
accompanying  illustration,  representing  colonies  grown  uj 
agar  and  colonies  grown  upon  apple  agar.  Upon  apple  a 
colonies  are  densely  black  throughout  (Fig.  13).  Upon  p€ 
they  are  colorless,  the  only  blackening  being  located  in  scatters 
(Fig.  14). 

Inoculations  were  made  from  mycelium  grown  in  pure  cu] 
pricking  the  skin  of  the  apple  and  laying  on,  or  inserting,  j 
the  mycelium.  Within  nineteen  days  of  the  inoculation  the  s 
attained  a  diameter  of  seven-eighths  of  an  inch.  The  accomj 
illustration  (Fig.  15)  shows  the  rapidity  of  development  in 
stance  at  room  temperature,  101  hours  intervening  while  the  : 
gressed  from  the  inner  to  the  outer  inked  circle. 

Many  attempts  were  made  to  secure  inoculation  through  m 
cuticle,  but  in  no  instance  with  success.  It  is  evident  that  a 
or  break  of  some  kind  is  necessary.     This  evidence  correlat 
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with  the  fact  that  the  disease,  as  is  true  of  so  many  fruit  diseases,  is 
much  more  common  at  the  blossom  end  or  the  stem  end  than  at  other 
points.  The  rot  occurs  at  either  end  of  the  fruit  more  often  than 
elsewhere,  because  it  is  at  these  places  that  the  cuticle  is  most  liable 
to  injury. 


Fio.  14.    Colony  on  Medium  Poor  In  Carbohydrate. 

The  tubercular  development  places  the  fungous  unquestionably 
among  the  Tuberculariales.  Further,  the  road  is  not  so  clear.  Judg- 
ing strictly  from  the  color  of  the  mycelium  it  must  go  to  the  Dema- 
tiae,  but  a  glance  over  its  possible  kin  there  reveals  none  which  are  of 
certain  affinity.  Admitting  that  it  is  possibly  of  the  Mucedineae,  it 
clearly  must  belong  to  the  genus  Volutella.  This  genus  is  made  up 
mainly  of  light  colored  fungi,  though  several  of  them  are  very  dark, 
notably  V  Acalyphae,  oxyspora,  Violae,  Citrulli  and  Allii.  From  a 
structural  viewpoint  this  fungus  seems  much  closer  to  Volutella  than 
to  any  of  the  Dematiae,  and  in  view  of  the  purely  physiological  na- 
ture of  the  color  character,  as  shown  by  our  cultures,  it  being  de- 
pendent upon  the  presence  of  carbohydrates  (which  are  present  in 
abundance  in  the  natural  medium,  the  apple),  we  believe  we  are 
doing  no  violence  to  facts  in  placing  it  in  the  genus  Volutella. 

As  a  Volutella  it  stands  closest  to  the  species  named  above,  yet  is 
dstinct  enough  from  them  to  be  regarded  as  a  separate  species. 
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It  differs  from  Oxyspora  in  larger  sporodochia  160-400  Mu  and 
longer  setae,  shorter  spores,  longer  basidia ;  from  CittruLli  in  shape  of 
spores;  from  Allii,  sporodochia  larger,  not  convex  or  elongate,  setae 


Fig.  15.    Showltig  Rapidity  of  Development. 

longer;  from  Violae^ ;  in  character  of  sporodochium ;  from  Acalyphae 
in  size  of  spores. 

VOLUTELLA  FRUCTI.     STEVEXS  AND  HALL.^ 

Sporodochia  numerous  in  concentric  circles  early  sub-cuticular, 
then  erumpent,  elevated  from  200  to  250  Mu  black.  150-400  Mu  in 
diameter  mycelium,  black  in  presence  of  carbohydrates,  otherwise 
hyaline. 

Setae;  distributed  throughout  sporodochium,  black  0-3  septate, 
acute,  smooth,  100-400  Mu  long,  5  to  8  Mu  thick. 

Sporophores;  elongate,  hyaline,  simple,  25-35  x  3  Mu. 

Conidia;  hyaline  or  very  slightly  olivaceous,  continuous,  smooth, 
oblong-fusoid  to  fnlcate-fusoid,  17-23  x  2.5-3.5  Mu. 

Habitat;  Fruit  of  Pyrus  Malorum,  North  Carolina,  Type  N.  C. 
Agricultural  Experiment  Station,  No.  780. 

TREATMENT. 

It  is  probable  that  the  sprayins^s  usually  recommended  for  scab 
and  black  rot  will  be  effective  in  controllinoj  the  Volutella  Rot. 


1  See  Bot.  Gaz.,  XXVI,  PI.  XIV,  85. 

«  Originally  described  In  Journal  of  Mycology  18,  p.  W,  May,  1907. 
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CONIOTHYRIUM  AS  A  FRUIT  ROT. 


This  fungus  has  frequently  been  seen  causing  rotten  spots  in  apples 
In  this  State.  It  was  first  made  the  object  of  study  in  this  laboratory 
in  November,  1906.  The  rotten  spot  is  circular  in  imiform  tissue, 
brownish,  about  the  color  of  the  common  Penicillium  rot  and,  due 
to  loss  from  evaporation,  the  tissue  shrinks  as  the  spot  ages,  leaving 
the  surface  much  wrinkled  (Fig.  1).    Distributed  somewhat  sparsely 


Fio.  1.— Conlothyrlum  Rot. 

and  irregularly  over  the  spot  are  the  fruiting  cavities  of  the  fungus 
"pycnidia."  In  rotten  spots  produced  by  inoculation  the  pycnidia 
frequently  assume  a  somewhat  concentric  arrangement.  Proceeding 
from  the  innermost  pycnidia  toward  the  edge  of  the  spot  the  pycnidia 
become  smaller,  none  at  all  being  found  nearer  than  about  5  mm.  to 
the  edge  of  the  diseased  tissue. 

Upon  sectioning  through  a  diseased  spot  the  flesh  of  the  fruit  is 
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seen  to  be  rotten,  brownish  and  soft  (Fig.  2),  not  black  or  dry,  as  is 
the  case  with  the  Volutella  Rot. 

Microscopic  examination  shows  the  diseased  tissue  to  be  thoroughly 


Fig.  2.— CoDlothyrlum  Rot  in  Section. 

invaded  with  a  thin  branching  septate  mycelium  which,  when  young, 
is  hyaline,  when  old  fuscous  or  straw  colored. 

The  fruiting  bodies  lie  immediately  under  the  cuticle  and  consist 
of  spherical  cavities  about  200  Mu  in  diameter,  walled  in  by  a  weft 
of  mycelial  threads.  When  mature  this  pycnidium  bears  very  numer- 
ous small  black  or  brown  spores  3-5.8x2-2.5  Mu  (Fig.  3),  ap- 
proximately 250,000  spores  being  borne  in  a  single  pycnidium.  The 
spores  are  borne  on  stalks  standing  perpendicular  to  the  wall  of  the 
pycnidium  and  extending  toward  the  central  cavity. 

OQ    Q  0 
OO    Q 

Fig.  3.    Conlothyrium  Spores. 

As  the  spores  accumulate  pressure  is  exerted  upon  the  cuticle, 
causing  its  rupture,  and  the  spores  are  freed.  Frequently,  if  the 
cuticle  be  thick,  the  pycnidia  open  under  the  cuticle  and  the  spores  are 
unable  to  escape  until  further  disintegration  proceeds. 

The  fungus  is  clearly  a  species  of  Coniotiyrium  and  agrees  well 
in  all  of  its  characters  with  C.  Fuckelii  Sacc.  Although  that  species 
is  recorded  as  inhabiting  branches  only,  it  is  probable  that  it  is  iden- 
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tical  with  the  form  in  question.  Isolation  of  the  fungus  for  the  pur- 
pose of  more  closely  studying  its  character  was  easily  affected  by 
breaking  a  pycnidium  in  sterile  water  and  then  using  a  cubic  centi- 
meter or  so  of  the  solution  in  each  tube  of  the  medium  used  for 
plating;  other  isolations  were  also  made  by  making  transfers  to 
poured  agar  plates  from  the  flesh  just  underneath  the  epidermis  of 
the  diseased  spot 

In  artificial  culture  on  pea  agar  the  fungus  grows  rapidly,  pro- 
ducing a  pure  white  mycelium.  On  apple  agar  the  mycelium  is 
tawny.  Pycnidia  developed  upon  plate  cultures  with  extreme  rarity, 
many  cultures  showing  no  pycnidia  whatever,  others  a  very  few.  £i 
all  instances  where  they  were  produced  it  was  as  the  fungus  became 
old  and  the  agar  dense  or  nearly  dry.  In  some  instances  their  ar- 
rangement upon  the  plate  was  strikingly  regular  and  inexplicable. 
In  one  plate  (Fig.  4)  an  almost  perfect  circle  of  pycnidia  was  formed 
at  a  distance  of  about  2.5  cm.  from  the  point  of  inoculation,  and 


Pio.  4.— Conlolhyriun  Showing  Arrangtment  of  Pycnidia. 

though  the  mycelium  proceeded  to  grow  beyond  this  point  no  further 
pycnidia  formation  occurred. 

Inoculated  upon  sterile  apple  twigs  the  mycelium  was  dense  and 
white  and  pycnidia  were  produced  in  abundance. 

CONIOTHYKIUM  ON  APPLE  TWIGS. 

Many  instances  of  this  fungus  occurring  upon  apple  twigs  have 
come  under  observation  during  the  past  year.  The  affected  twig, 
usually  terminal  portions  of  recent  growth,  dies,  the  bark  shrinks  and 
shrivels,  turns  black  and  at  the  line  of  demarkation  between  diseased 
and  healthy  tissue  cracks.  (Fig.  5.)  The  general  appearance  of 
such  a  twig  is  much  like  that  caused  by  the  fire  blight,  but  is  readily 
distinguished  by  the  presence  of  very  numerous,  minute,  pimple-like 
pustules,  the  pycnidia,  distributed  over  the  dead  part 

The  significance  of  this  fungus  upon  twigs  is  twofold:  1,  as  a 
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Fig.  5  — Conlothyrium. 

cause  of  the  twig  blight,  2,  as  a  source  of  infective  material,  spores, 
to  transmit  the  rot  to  the  fruit. 

TREATMENT. 

Spraying  coupled  with  careful  pruning  out  and  burning  of  diseased 
twigs  and  branches  will  doubtless  serve  as  a  means  of  control  of 
Coniothyrium  both  upon  branches  and  fruit 

SPHAEROPSIS  ON  APPLE  TWIGS. 

This  fungus,  long  known  as  the  cause  of  the  black  rot,^  of  the 
fruit  and  later  as  the  cause  of  cankers  of  the  limbs,*  frequently  occurs 


« Peck  84th  Ann'l  Kept.,  p.  86, 1881.    > Paddock  N.  Y.  Exp.  StAf jpn  Bi^t{a^,  Dec,  18W. 
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To  determine  with  certainty  whether  this  fungus  was  the  true 
oftuse  of  the  scurf,  also  whether  it  could  gain  entrance  through  unin- 
jured bark,  a  series  of  inoculations  was  made  upon  the  apple  trees 
growing  at  the  Station  farm. 

Some  three  hundred  inoculations  by  Mr.  W.  F.  Kirkpatrick  and 
Mr.  S-  W.  Foster  were  made  by  cutting  from  agar  plates,  with  a 
sterile  knife,  small  squares  of  agar  bearing  the  fungous  threads. 
Inoculations  were  made  upon  bruised  bark  and  upon  unbruised  bark, 
resulting  in  the  production  of  the  typical  diseased  condition  in  49.4 
per  cent  of  the  inoculations  upon  bruised  bark  and  only  about  3  per 
cent  of  infection  upon  uninjured  bark.  While  definite  proof  is  lack- 
iDg,  it  is  probable  that  all  infections  upon  unbruised  bark  were 
through  lenticels. 

TREATMENT. 

Spraying  and  close  pruning  of  affected  branches  will  probably  lead 
to  oontrol  of  this  disease. 
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APPLE  SCURF, 


BY  F.  L.  STEVENS. 


This  is  the  name  proposed  for  a  disease  which  does  not  seem  to 
have  been  heretofore  described  in  the  literature  of  apple  diseases. 
The  disease  has  been  under  observation  for  about  two  years  in  this 
Station,  it  having  been  sent  to  the  Station  with  inquiries  from  two 
different  sections  of  the  State  during  that  time. 

The  first  specimen  was  received  from  Watauga  County,  N.  C,  in 
May,  1905.  The  chief  symptom  is  a  shrinking  of  the  bark,  includ- 
ing the  epidermis,  in  such  manner  that  minute  air  spaces  are  left 
immediately  below  the  cuticle,  giving  to  the  affected  region  a  silvery 
gray  appearance.  Close  examination,  especially  with  the  aid  of  a 
lens,  shows  the  presence  of  myriads  of  minute  black  pycnidia  scat- 
tered throughout  the  affected  region.  Such  a  condition  may  extend 
over  large  areas  on  twigs  one,  two  or  three  years  of  age.  The  serious- 
ness of  the  disease,  the  amount  of  damage  done,  is  unknown.  That 
the  condition  has  attracted  the  attention  of  practical  apple  growers 
to  sufficient  extent  to  cause  them  to  submit  specimens  for  diagnosis 
indicates  that  tlie  injury  is  at  least  appreciable  to  the  apple  growers 
of  the  State.  Death  of  the  infected  twigs  does  not  always  seem  to 
follow  infection.  The  disease  is  limited  to  the  bark  and  would,  there- 
fore, be  slow  to  cause  death,  and  if  it  did  it  would  be  only  through 
injury  to  the  tree  as  a  whole  and  would  be  gradual  and  insidious. 

The  black  pycnidial  bodies,  referred  to  above,  were  found  to  con- 
tain minute  spores,  elliptical  or  oblong  in  shape,  hyaline  and  about 
2  X  5.8  Mu  in  size.  The  pycnidia  were  100  to  125  Mu  in  diameter, 
black  and  provided  with  a  minute  ostiolum,  from  which  the  spores 
issue  in  coils  upon  being  wet.  The  fungus  clearly  belongs  either  to 
the  genus  Phyllostica  or  Phoma,  of  which  there  are  at  least  22  species 
reported  as  growing  upon  the  apple  or  its  close  kin.  Since  this  species 
agrees  closely  with  the  description  of  P.  prunicola,  except  in  slight 
details,  as  regards  the  spot  produced,  and  in  the  fact  that  P.  prunicola 
is  a  leaf  fungus,  it  seems  best  to  regard  it  as  being  that  species. 
Plate  cultures  in  apple  bark  agar  were  made  from  spores  in  the  spring 
of  1905,  leading  to  a  ready  isolation  of  the  fungus,  which  grew  rapidly 
upon  this  medium. 

It  fruited  in  abundance,  producing  its  characteristic  pycnidia  and 
spores.  The  colonies,  owing  to  the  color  of  the  mycelium,  were  of 
striking  brick-red  color. 


1  Attention  was  called  to  this  disease  at  the  Spring  Meeting  of  the  North  Carolina  Academy 
icience  in  May.  liKX5,  and  in  tl 
5  Station  for  1904-05,  pp  20,  21. 


-f  Science  in  May.  liKX5,  and  in  the  Report  of  the  Biological  r)lvislop^|^lh^p|ig|J,|epoTt  of 
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on  apple  twigs  as  a  cause  of  blight  Several  cases  came  under  obser- 
vation in  this  State  in  1906  and  v^ere  reported  in  the  annual  report 
of  this  Station.     They  have  also  been  noted  by  Kolfs. 

In  general  appearance  Sphaeropsis  on  twigs  is  precisely  like  that 
of  Coniothyrium,  as  described  above,  with  the  possible  difference  that 
the  pycnidia  are  larger  and  less  numerous.  The  two  can  not,  how- 
ever, be  safely  distinguished  without  microscopic  examination. 

TREATMENT. 

The  presence  of  Sphaeropsis  as  a  twig  blight  as  well  as  a  canker 
causing  fungus  serves,  as  in  the  case  with  Coniothyrium,  to  give  this 
fungus  wider  dissemination,  and  indicates  the  necessity  of  most  care- 
ful pruning  to  thereby  lessen  the  possibility  of  fruit  infection,  as  well 
as  to  prevent  injury  from  the  fungus  as  a  twig  blight. 
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North  Cabolina  Agricultural  Experiment  Station, 

Office  of  the  Director, 
West  Raleigh,  N.  C,  June  30,  1908. 

To  His  Excellency,  Robert  B.  Glenn, 

Oovernor  of  North  Carolina. 

Sir  : — I  have  the  honor  to  submit  herewith  the  report  of  the  opera- 
tions of  the  North  Carolina  Agricultural  Experiment  Station  of  the 
North  Carolina  College  of  Agriculture  and  Mechanic  Arts  for  the 
year  ending  June  30,  1908. 

Trusting  that  this  report  will  prove  satisfactory  to  your  Excellency, 
I  am. 

Yours  very  truly,  C.  B.  Williams, 

Director. 
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THIRTY-FIRST  ANNUAL  REPORT 

OF  THE  DIRECTORS  OF  THE 

N.  C.  AGRICULTURAL  EXPERIMENT  STATION 

For  the  Year  Ending  June  30,  1908 


By  the  Director 


Upon  assuming  the  duties  of  Director  of  the  Station  at  the  begin- 
ning of  the  year,  careful  consideration  with  the  different  workers  was 
made  of  plans  of  all  experiments  being  conducted  and  of  those  subse- 
quently inaugurated.  In  all  branches  of  the  Station  new  and  im- 
portant lines  of  investigation  have  been  started,  and  this  work  in  most 
eases  is  progressing  in  a  satisfactory  manner.  Herewith  is  presented 
a  brief  statement  regarding  the  work  in  progress  in  the  several  Di- 
visions of  the  Station,  which  is  made  up  partly  from  the  reports  of 
the  different  workers  and  partly  from  observations  made  by  the 
Director. 

DIVISION  OF  AGRONOMY. 

The  experimental  work  of  this  Division  has  been  materially  aug- 
mented and  strengthened  during  the  year,  both  by  the  addition  of  new 
lines  of  work  and  by  the  extension  of  experimebts  in  progress.  Much 
attention  is  being  devoted  to  a  determination  of  the  best  fertilizer 
combinations  and  the  most  economical  quantities  to  use  per  acre ;  the 
most  prolific  varieties;  the  best  methods  of  cultivation  and  handling; 
and  the  most  profitable  rotation  for  com,  cotton,  wheat,  oats,  cowpeas 
and  soy  beans,  for  the  conditions  of  climate  and  soil  under  which  the 
experiments  are  being  conducted.  Experiments  are  being  carried  on 
to  ascertain  the  best  fertilizer  and  lime  treatment  for  legumes.  With 
oats,  varieties  are  being  grown  both  from  fall  and  spring  sowings  to 
determine  the  relative  value  of  these  different  sowings  and  the  best 
varietic  s  to  use  for  seeding  at  the  respective  seasons.  Much  work  has 
been  put  out  to  aid  in  study  of  the  effect  of  proper  methods  of  seed 
selection  of  cotton,  wheat  and  corn  upon  their  prolificacy  and  yield. 
This  year,  the  variety  tests  will  embrace  a  comparison  of  sixty-eight 
varieties  of  com,  thirty-eight  of  cotton,  fifteen  of  wheat,  sixty-two  of 
oats  and  about  fifty  of  cowpeas  and  soy  beans.  In  addition  to  these, 
variety-distance  tests  are  being  conducted  with  three  leading  typical 
varieties  of  com  and  three  of  cotton  to  determine  the  optimum  dis- 
tancing of  these  when  grown  under  different  conditions.  In  response 
to  a  popular  demand  for  information  on  alfalfa  and  clover  growing, 
field  studies  on  small  plats  are  being  made  to  determine  under  what 
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conditions  of  soil,  fertilization  and  cultural  management  these  dif- 
ferent legumes  make  their  best  and  most  profitable  growth.  Inves- 
tigations are  being  conducted  to  ascertain  the  factors  which  promote 
the  growth  of  suckers  on  different  varieties  of  com,  and  the  relation 
their  undisturbed  development  sustains  to  total  yield  of  grain  per 
acre.  More  than  fifty  combinations  of  grasses  and  legumes  are  being 
experimented  with  to  study  their  comparative  value  for  hay  and  pas- 
turage. A  thorough  system  of  terraces  over  the  whole  farm  has  been 
laid  off  and  constructed  at  an  expenditure  of  considerable  effort 
and  time. 

DIVISION  OF  CHEMISTBY. 

The  Chemical  Division  has  maintained  a  close  cooperation  with 
the  Biological  Division  in  a  study  of  nitrogen-fixation,  ammonifica- 
tion,  nitrification  and  denitrifieation.  In  this  cooperation  the  Chem- 
ist confines  his  attention  to  the  chemical  analyses,  while  th^  Bacteri- 
ologist looks  after  the  bacteriological  examinations.  Efforts  are  being 
made  to  determine  the  nature,  distribution  and  conditions  most  and 
least  favorable  for  the  growing  of  nitrogen-fixing,  nitrifying,  ammo- 
nifying and  denitrifying  bacteria.  In  these  investigations,  an  espe- 
cial effort  is  made  by  the  Bacteriolc^ist  to  isolate  and  identify  the 
bacteria  concerned. 

DIVISION  OF  BIOLOGY. 

The  research  work  of  the  Biological  Division  has  progressed  ac- 
tively along  the  same  general  course  as  previously  reported,  but  has 
been  greatly  enlarged  by  the  extension  of  old  lines  and  the  addition 
of  new  ones.  The  cooperation  which  has  been  maintained  by  this 
Division  with  the  National  Bureau  of  Plant  Industry  in  a  Plant 
Disease  Survey  of  North  Carolina  and  in  an  effort  to  secure  melons 
of  high  eating  and  shipping  qualities  that  could  be  grown  upon  land 
affected  with  watermelon  wilt  will  be  continued,  and  experiments 
have  been  put  out  on  a  badly  infected  field  near  Auburn.  Efforts 
are  being  directed  largely  toward  the  production  by  hybridization 
and  selection  of  strains  of  melons  that  will  be  wilt-resistant.  The 
results  obtained  along  this  line  during  the  past  year  have  been  exceed- 
ingly encouraging,  as  the  wilt-resistant  melons,  which  now  comprise 
practically  all  that  are  being  worked  with,  have  been  found  to  possess 
decidedly  higher  edible  and  commercial  values  than  has  been  secured 
heretofore. 

The  tobacco  wnlt  experiments  which  have  been  conducted  tor  a 
number  of  years  in  the  old  bright  tobacco  belt  of  Granville  County, 
for  the  purpose  of  securing  wilt-resistant  strains  of  high  commercial 
value,  will  be  continued.  Up  to  this  time,  the  resistance  to  this  dis- 
ease of  about  seventy  varieties  has  been  determined.  On  the  infectod 
areas  native  types  of  tobacco  are  practically  wiped  out  by  the  ravages 
of  this  disease.     Attention  is  beins:  confined  this  year  in  these  ex- 
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periments  to  a  study  of  six  highly  resistant  strains,  the  resistance  of 
which  was  brought  out  by  last  year's  work.  These  promising  strains 
which  have  been  developed  are  two  from  Sumatra;  two  from  Turk- 
ish ;  one  from  Italian ;  and  one  from  local  bright  leaf  tobacco. 

The  study  of  fungi  or  bacteria  causing  new  or  little  known  apple 
diseases,  occurring  in  the  State,  have  been  continued  and  extended. 
During  the  period  covered  by  these  investigations,  two  new  diseases 
have  been  discovered  and  several  new  ones  have  been  de3cribed  and 
much  information  concerning  their  mode  of  life,  relation  of  plant 
growth  and  best  methods  of  treatment  has  been  worked  out  and  pub- 
lished. For  the  present  in  this  line  of  work,  attention  is  being  con- 
fined largely  to  morphological  and  physiological  studies  of  apple  rot, 
canker,  leaf-spot  and  two  diseases  that  affect  the  twigs,  with  the  hope 
of  evolving  practical  remedial  measures. 

In  the  lettuce  drop  investigations,  by  the  construction  of  col<l 
frames  on  the  Station  farm,  it  has  been  possible  to  prosecute  the  work 
more  completely  imder  control  conditions.  Outdoor  experiments  are 
being  carried  on  which  are  designed  to  determine  the  longevity  of 
the  vegetative  and  reproductive  parts  of  the  causal  fungus  in  the 
soil  and  in  the  atmosphere;  under  what  conditions  the  spores  infect 
the  leaves ;  and  the  resistance  of  the  fungus  to  treatment  by  differt  nt 
chemicals  in  varying  concentrations.  These  experiments  are  being 
supplemented  by  laboratory  work.  The  soil  bacteriology  investiga- 
tions in  cooperation  with  the  Chemical  Division  have  been  enlarged 
and  continued.  A  large  number  of  organisms  have  been  isolated  and 
studied  with  a  disclosure  of  the  extreme  variety  of  the  presence  of 
nitrifying  power  in  most  soils  worked  with.  Study  is  being  made 
of  ammonifying  organisms  and  the  comparative  rate  of  activity  of 
nitrogen-fixing  bacteria  in  soils  and  in  solutions.  Efforts  are  being 
directed  towards  determining  the  relative  availability  and  accepta- 
bility of  ammoniacal  nitrogen  to  some  of  our  general  farm  crops  as 
compared  with  nitrate  nitrogen.  During  the  year,  new  research 
work  on  the  development  of  poisons  in  milk  has  been  started  for  the 
purpose  of  ascertaining  the  conditions  under  which  these  are  pro- 
duced and  to  determine  from  what  source  bacteria  producing  the 
toxins  are  derived.  Attention  will  be  given  to  an  isolation  and  study 
of  the  organisms  responsible  for  the  production  of  these  toxic  prin- 
ciples. This  work,  with  slight  modifications,  will  be  continued.  The 
value  of  the  work  of  this  Division  is  attested  by  the  large  correspond- 
ence it  maintains  with  farmers  and  fruit  growers  on  plant  diseases. 

DIVISION    OF    POULTRY. 

Work  in  the  main  of  the  Poultry  Division  has  been  conducted 
along  the  general  lines  of  testing  the  relative  efficiency  of  different 
breeds  in  food  utilization,  as  shown  by  egg-production  and  increase 
in  weight;  various  methods  of  handling  and  feedii|g^gg^i^k^Ui^^ 
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different  styles  of  incubators  and  brooders  under  different  systems 
of  management.  In  the  pedigreed  breeding  experiments  which  have 
now  been  conducted  for  two  years  the  results  seem  to  indicate  an 
increased  percentage  of  good  layers  over  previous  years.  With  care 
ful  and  intelligent  breeding  and  selection  along  the  right  lines  it  is 
expected  to  secure  strains  of  greater  prolificacy ;  of  higher  percentage 
of  egg  hatching ;  and  of  hardier  and  more  robust  constitution.  Ex- 
periments to  determine  the  value  of  disinfecting  incubators  and  add- 
ing moisture  artificially  have  been  carried  on  with  six  machines. 
There  seems  to  be  a  material  increase  in  the  percentage  of  chickens 
hatched  from  fertile  eggs  under  these  two  conditions  combined  or 
separately  over  those  hatched  made  in  dry  machines,  although  the 
incubators  used  were  of  the  non-moisture  type.  In  this  connection  it 
might  be  mentioned  that  the  poultryman  has  secured  in  these  mois- 
ture and  disinfection  experiments  two  hatches  which  have  proven  to 
be  decidedly  the  best  ones  that  have  been  made  during  his  five  years 
connection  with  the  Station. 

Feeding  experiments  have  just  been  started  to  test  the  value  of 
cottonseed  meal  for  poultry  feeding,  when  fed  in  different  quantities 
and  in  different  combinations  in  conjunction  with  com  and  wheat 
bran.  A  study  of  the  effects  of  inbreeding  in  poultry  is  being  made 
to  determine  if  it  can  be  carried  on  indefinitely  without  producing 
deterioration  in  the  flock  in  point  of  prolificacy,  size  and  vigor,  if 
due  attention  is  given  to  these  characters  in  mating  and  selecting 
breeding  stock.  This  work  has  not  progressed  very  far,  but  at  this 
time  a  marked  improvement  in  the  laying  capacity  of  many  indi- 
viduals has  been  noted. 

DIVISION    OF    HORTICULTURE. 

The  Horticulturist  has  devoted  his  attention  largely  during  the 
past  year  to  outlining  and  getting  started  work  of  an  original  nature 
with  blackberries  and  dewberries.  At  present  he  is  confining  his 
energies  chiefly  to  a  study  of  the  causes  and  best  methods  of  treat- 
ment of  that  fasciculation  commonly  known  as  "double  flower,"  to 
which  these  are  subject  wherever  grown  commercially  in  North  Caro- 
lina. The  investigations  will  consist  largely  of  a  study  of  the  struc- 
ture and  growth  of  the  fascicle  to  determine  the  causes  for  its  for- 
mation, whether  due  to  disease,  insects,  physiological  conditions,  cul- 
tural treatment,  soil  or  weather.  The  growing  of  blackberries  in  this 
State  for  market  purposes  was  started  in  a  small  way  about  twenty 
years  ago  in  the  section  around  Ridgeway.  From  this  modest  be- 
ginning, the  growing  of  these  and  dewberrier,  has  gradually  devel- 
oped, until  to-day  the  sale  of  these  crops  bring  thousands  of  dollars 
into  the  communities  where  this  industry  is  carried  on  and  where  a 
few  years  ago  there  were  practically  no  horticultural  interests.     This 
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industry  is  centered  chiefly  in  Warren,  Moore,  Cumberland,  Colum- 
bus and  Harnett  counties,  and  is  established  in  many  cases  on  soils 
which  are  now  returning  annually  in  profit  per  acre  fifteen  to  twenty 
times  the  original  purchase  price  of  the  land.  There  are  thousands 
of  acres  of  sandy  and  sandy  loam  soils  located  in  the  coastal  plain 
section  of  the  State  which,  as  they  are  at  present  affording  little  or 
no  income  to  their  owners,  may  be  purchased  very  cheaply  and  which 
might  be  given  over  to  remunerative  blackberry  and  dewberry  cul- 
ture. At  present,  one  of  the  most  serious  drawbacks  to  the  mainte- 
nance and  extension  of  this  branch  of  farming  is  the  greatly  decreased 
yield,  frequently  caused  by  "double  flower"  or  ^^rosctte."  Especially 
menacing  to  profitable  blackberry  growing  is  the  reduced  production 
experienced  by  many  growers.  The  Wilson  blackberry,  the  only  va- 
riety grown  for  general  market  purposes,  because  of  its  appearance, 
edibility,  shipping  qualities  and  its  date  of  maturity,  is  ordinarily  so 
badly  affected  with  sterility  in  the  large  number  of  abnormally  de- 
veloped flower  parts  as  to  suffer  usually  a  reduction  of  about  seventy- 
five  per  cent  in  total  yield.  The  trouble,  while  not  nearly  so  serious 
with  dewberries,  can  only  be  held  in  check  by  costly  cultural  meth- 
ods, such  as  cutting  off  all  the  young  canes  immediately  after  the  pick- 
ing has  been  finished.  The  determining  of  the  cause  of  "rosette"  will 
have  wide  practical  bearing  on  the  working  out  of  remedial  measures 
not  only  for  blackberry  and  dewberry  growers  in  North  Carolina, 
but  for  those  located  in  other  sections  of  the  country  where  these  are 
affected  with  this  abnormality  of  growth. 

The  work  which  this  Division  is  conducting  on  anthracnose  and 
self-sterility  in  dewberries  is  fraught  with  economic  features  and 
possibilities. 

DIVISION    OF   ANIMAL  HUSBANDRY. 

As  this  is  a  new  Division  of  the  Station,  a  considerable  portion  of 
the  time  of  the  Animal  Husbandman  has  been  taken  up  in  planning, 
providing  animals  and  new  equipment  and  getting  under  way  lines 
of  experimentation.  No  phase  of  the  .work  has  been  completed,  but 
all  that  has  been  started  is  being  prosecuted  as  expeditiously  as  is 
consistent  with  expediency.  Much  effort  has  been  devoted  to  a  study 
of  the  effects  of  feeding  cottonseed  meal  and  linseed  meal  as  supple- 
mentary feeds  to  com  to  youns:  and  thrifty  pigs  with  a  mean  average 
of  about  100  pounds  live  weight,  during  the  experiments.  These  ex- 
periments are  designed  to  determine  the  amounts  of  cottonseed  meal, 
which  may  be  safely  fed  in  conjunction  with  corn  to  hog=^;  the 
economy  of  gains  made;  and  the  quality  of  the  pork  produced,  in 
comparison  with  that  secured  with  rations  of  com  alone  and  com  and 
linseed  meal  combined.  With  the  completion  of  the  first  half  of  the 
experiment  which  had  been  running  for  ninety  days,  it  was  demon- 
strated that  0.6  pound  of  cottonseed  meal  mixed  with  the  other  por- 
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tion  of  the  ration  and  fermented  may  be  fed  safely  during  this  length 
period  in  conjunction  with  corn  in  the  proportion  of  five  parts  of 
com  to  one  of  meal  and  secure  a  pound  of  gain  at  less  than  one-half 
the  cost  of  those  obtained  by  feeding  com  alone  under  tlie  same  con- 
ditions. A  combination  of  linseed  meal  with  corn  in  the  proportion 
of  one  to  five  produced  gains  at  about  one-half  the  cost  of  com  fed 
alone;  in  other  words,  this  lot  by  eating  a  little  more  than  one-third 
more  feed  made  three  and  one-third  the  amount  of  gain  in  the  paiiie 
length  of  time.  These  experiments  which  have  been  conducted  with 
hogs  confined  in  pens  will  be  duplicated,  using  the  same  feeds  com- 
bined in  the  same  way,  with  hogs  allowed  to  range  on  different  gre?n 
crops,  such  as  rape,  rye,  etc.,  alone  and  in  combinations.  Also^ 
cottonseed  meal  feeding  experiments  have  been  started  with  the  mulrs 
and  horses  which  are  being  worked  on  the  farm.  During  the  pre- 
liminary periexls,  after  a  few  days  trial,  they  have  been  found  to  eat 
from  one  to  one  and  one-half  pounds  of  meal  j  er  day  with  relish. 

DIVISION    OF  DAIRY  nUSBANDRY. 

A  portion  of  the  time  of  the  Dairy  Husbandman  has  been  taken 
up  in  conducting  feeding  experiments  to  determine  the  relative  value 
of  cottonseed  hulls  and  corn  stover  as  roughages;  and  dried  brewers' 
grains,  and  crushed  corn  in  conjunction  with  cottonseed  meal  as  con- 
centrates with  corn  stover  as  the  sole  roughage  for  milk  and  butter 
production.  The  first  part  of  these  experime-nts  has  been  finished 
and  show  that  inferior  corn  stover,  which  product  is  usually  left  in 
the  field  to  rot,  still  had  a  feceling  value  for  dairy  cows  equal  to  that 
of  cottonseed  hulls.  As  a  result  of  a  carefully  conducted  experiment 
in  calf-feeding,  it  has  been  demonstrated  that  a  reduction  of  about 
sixty  per  cent  in  the  cost  of  feeding  young  calves  during  the  first 
fourteen  weeks  may  be  effected  by  a  gradual  substitution  of  rolled 
oats  for  whole  milk  after  the  first  week  when  fed  in  conjunction  with 
a  grain  ration  consisting  of  one  part  each  of  corn  meal,  lin^?e(d 
meal  and  wheat  bran  after  the  fourth  week.  The  practical  bearing 
of  these  results  will  be  appreciated  when  it  is  considereel  that  one 
pound  of  rolled  oats,  costing  about  four  and  one-half  cents,  contains 
the  same  nutritive  value  as  one  gallon  of  milk,  which  will  sell  for 
thirty  to  forty  cents.  Some  effort  has  been  given  to  planning  and 
constructing  an  ice-box,  a  milk  and  cream  cooler  and  a  sterilizer  that 
would  be  cheap  and  efficient  for  small  dairies.  With  each  of  these 
as  devised  greater  efficiency  has  been  secured  at  greatly  reduced  cost 
over  the  means  and  appliances  ordinarily  employed.  The  coolinsr 
investigations  have  brought  out  the  fact  that  to  a  large  extent  the 
delivery  of  the  milk  may  be  made  entirelv  independent  of  the  tinip 
of  milking.  Milk  kept  cool  for  fifteen  hours  before  delivery  has 
been  found  to  reach  the  consumer  in  better  shape  than  milk  taken 
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from  the  same  cows  under  the  same  conditions  and  put  into  his  hands 
immediately  upon  milking  without  cooling.  The  value  of  these  re- 
sults will  be  appreciated  by  dairymen  who  have  had  to  begin  milking 
at  two  to  three  o'clock  in  the  morning  in  order  to  have  their  product 
come  upon  the  market  in  satisfactory  shape,  because  the  milk  handled 
in  the  usual  way  will  only  keep  in  good  condition  for  a  very  few 
hours,  especially  during  the  summer  months.  By  cooling  to  45  de- 
grees Fahr.  and  keeping  the  milk  at  this  temperature,  delivery  may 
be  delayed  for  twenty-four  hours  under  the  most  trying  weather  con- 
ditions, thereby  obviating  the  absolute  necessity  for  milking  earlier 
than  a  convenient  hour  by  those  who  are  engaged  in  the  milk-supply 
business. 

A  study  has  been  made  of  the  relative  efficiency  in  maintaining 
low  temperatures  of  four  different  types  of  shipping  cans  for  cream. 
Unfinished  cooling  and  sterilizing  experiments  are  being  continued 
in  the  dairy  laboratory. 

DIVISION   OF  ENTOMOLOGY. 

Much  of  the  time  of  the  Entomological  Division  during  the  past 
year  has  been  taken  up  in  planning  and  starting  new  lines  of  investi- 
gations, as  the  new  Entomologist  began  work  on  October  1  without 
practically  any  equipment  or  work  in  progress.  Studies  are  being 
made  largely  on  the  life  history  of  the  harlequin  bug,  cabbage  web- 
worm,  cabbage  aphis,  com  weevil,  plum  curculio  and  peach  tree  borer, 
supplemented  by  experiments  designed  to  work  out  more  successful 
and  practical  methods  for  their  control.  Early  in  October  the  En- 
tomologist discovered  on  cabbage  and  turnips  a  new  species  of  the 
cabbage  webworm  for  Xorth  Carolina,  it  probably  having  been  intro- 
duced into  the  State  during  the  past  two  years. 

An  insect  collection,  representing  all  the  injurious  forms  occurring 
in  the  State,  with  records  of  date  and  places  of  occurrence,  is  being 
gradually  made.  During  the  year  a  Bulletin  treating  of  about  forty 
insects  has  been  prepared,  which  gives  a  description,  life  history  and 
remedies  for  the  control  of  these  insects  which  attack  the  leading 
truck  crops  grown  in  North  Carolina. 

CORN   SPECIAL. 

The  Station,  in  cooperation  with  the  Iforfolk  and  Southern  Rail- 
way, operated  a  Com  Special  train  through  the  Eastern  portion  of 
the  State.  The  Special  started  from  Ealeigh  on  March  22  and  re- 
turned on  April  1.  While  out,  visits  of  two  hours  or  more  were 
made  to  twenty  villages  and  towns  and  talks  on  matters  pertaining  to 
com  growing  were  made.  The  object  in  running  this  train  was  to 
try  to  stimulate  farmers  to  the  production  of  larger  yields  of  com 
per  acre  by  impressing  upon  them  the  importance  of  the  adoption  of 
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better  methods  of  selecting  seed,  fertilizing,  cultivating,  harvesting, 
handling  and  combating  the  insect  and  disease  enemies  of  this  crop. 
The  train  consisted  of  two  audience  cars  and  an  exhibition  car,  and 
the  lectures  were  sometimes  delivered  in  the  audience  cars,  some- 
times in  school  or  court-houses,  and  sometimes  in  the  open  where 
buildings  were  not  accessible  sufficiently  large  to  accommodate  the 
crowd.  The  smallest  attendance  was  forty,  and  the  largest  between 
four  and  five  hundred,  and  an  average  of  one  hundred  and  forty-five. 
At  four  places  evening  meetings  were  held,  and  these  were  devoted  to 
lectures  on  the  applications  of  Science  to  Agriculture  and  on  general 
agricultural  and  educational  matters.  The  train  was  furnished  and 
operated  free  by  the  Norfolk  and  Southern  Railway. 

In  the  exhibition  car  were  carried  two  to  four  type-ears  of 
fifty-odd  varieties  of  corn  which  we  have  been  testing  comparatively 
in  the  State  during  six  or  eight  years,  and  which  the  farmers  have 
heard  of  but  which  most  of  them  have  never  seen.  In  addition  to 
these,  seed  of  varieties  of  oats,  wheat  and  cowpeas  and  samples  of  the 
leading  types  of  soil  found  in  the  State  were  neatly  arranged  in 
museum  jars  to  emphasize  those  salient  points  which  it  was  especially 
desired  to  bring  out  and  impress.  On  board  were  also  specimens  of 
the  insects  and  diseases  which  are  doing  most  damage  to  the  crops 
and  orchards  of  North  Carolina,  affected  plants  and  seeds,  and  spray- 
ing mixtures  and  apparatus  that  should  be  used  in  combating  thenu 

At  each  stop,  as  far  as  possible,  the  crops  and  orchards  were  ex- 
amined and  affected  specimens  were  brought  into  the  cars  and  dis- 
cussed and  remedies  recommended.  It  is  believed  that  in  this  way 
the  farmers  in  the  localities  visited  were  impressed  with  the  im- 
portance and  practical  value  of  the  work  of  the  Station. 

BULLETINS. 

Bulletins  have  been  issued  as  follows: 

No.  197. — Some  Insect  Enemies  of  Garden  CropSj  by  R.  I.  Smith. 

No.  198. — Handling  and  Marketing  of  Milk  and  Cream,  by  John 
Michels. 

No.  199. — Feeding  Experiments  with  Cows  and  Calves,  by  John 
Michels. 

No.  17.— (Press  Bulletin)— The  Grape  Black  Rot,  by  F.  L.  Ste- 
vens. 

The  reports  of  the  heads  of  the  several  Divisions  and  financial 
statement  follow : 


Digitized  by  LjOOQIC 


REPORT  OF  CHEMIST.  13 


REPOKT  OF  CHEMIST.' 


During  the  past  year  the  Chemical  Division  has  made  analyses  of 
four  hundred  and  eighty-six  samples,  of  which  four  hundred  and 
fifty-five  related  to  the  work  in  investigation  and  thirty-one  were  mis- 
cellaneous. 

The  miscellaneous  samples  consisted  of: 

Soils 3 

Marls 3 

Fertilizing  materials 9 

Feeding  stuffs  6 

Lemon  oil  and  extract 3 

Drinking  water 1 

Solutions  for  standardization 6 

These  thirty-one  miscellaneous  samples  involved  ninety-five  deter- 
minations, as  follows: 

Chlorine 1 

Sulphuric  acid 1 

ToUl  nitrogen 24 

Free  ammonia  1 

Albuminoid  ammonia 1 

Total  phosphoric  acid 15 

Soluble  phosphoric  acid 8 

Insoluble  phosphoric  acid 10 

Silver 1 

Potash 8 

Lime 5 

Moisture 3 

Total  solids   1 

Insoluble  matter  , 4 

Volatile  matter  1 

Ash 1 

Alkalinity 4 

Acidity 1 

Citral  3 

The  miscellaneous  work  was  for  the  Divisions  of  Administration, 
Agronomy,  Botany,  Dairy  Husbandry  and  Poultry  Husbandry  of 
the  Station. 

The  four  hundred  and  eighty-five  samples,  relating  to  the  work 
in  nitrogen,  involved  nine  hundred  and  seventy-three  determinations, 
as  follows: 

Ammonia  by  the  Kjeldahl  and  Nessler  methods 54 

Ammonia  by  the  Kjeldahl  method 6 

Ammonia  by  sodium  hydroxid 68 

Ammonia  by  magnesia 274 
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Nitrites  colonnetrically 284 

Nitrates  colormetrically  ....*. 4 

Nitrates  by  the  Tiemann-Schulze  method 283 

This  work  on  nitrogen  has  occupied  the  greater  part  of  the  time 
and  energies  of  the  Chemical  Division  and  has  consisted  of  a  study 
of  nitrogen  fixation,  ammonification,  nitrification  and  denitrifica- 
tion  in  soils  and  in  solutions,  under  different  conditions  and  with  dif- 
ferent organisms  and  nutrients.  The  details  of  the  work  will  be  set 
forth  more  fully  in  bulletin  form  and  in  the  report  of  the  Botanical 
Division,  in  cooperation  with  which  this  work  is  done. 

Among  other  conclusions  reached,  it  has  been  found  that  the  or- 
ganisms concerned  with  nitrogen  metabolism  do  not  act  the  same  in 
soils  and  in  solutions  and  that  there  is  no  relation  between  the  re- 
sults in  these  two  media.  This  shows  that  the  use  of  soils  themselves 
for  this  investigation  as  originally  planned  by  this  Division  several 
years  ago  was  wise. 

This  Division  has  devised  a  method  for  getting  rid  of  organic 
matter  in  soil  extracts  so  that  the  amount  of  nitrates  may  be  deter- 
mined colormetrically  without  interference  from  this  cause.  A  pap:  r 
embodying  the  results  of  this  work  is  submitted  herewith  for  pub- 
lication. 

This  Division  is  very  much  handicapped  for  lack  of  room,  and  it 
is  to  be  hoped  that  the  next  General  Assembly  will  provide  a  Chemi- 
cal Building  for  the  Station  and  College  work.  In  the  meantime 
more  space  is  very  desirable. 

The  analytical  work  of  this  Division  was  performed  by  W.  A. 
Syme  mainly,  and  to  a  small  extent  by  A.  J.  Wilson,  both  of  whom 
have  shown  commendable  zeal  and  corresponding  success  in  their 
efforts. 

Very  respectfully, 

W.  A.  Withers, 

Chemist. 
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I  beg  to  submit  a  report  of  the  work  of  the  Division  under  my 
charge  for  the  fiscal  year  now  closing: 

INVESTIGATIONS    COXCERNING   APPLE    DISEASES. 

Work  concerning  apple  diseases  began  in  1906  under  the  Adams 
fund,  has  been  continued  throughout  the  year. 

Apple  Twig  Disease,  which  prevails  in  most  sections  of  the  State, 
has  been  closely  studied.  The  fungus  which  causes  it  has  been  iso- 
lated and  its  character  studied  in  pure  culture.  It  proves  to  be  a 
species  of  Phyllosiicta  or  Phoma,  which  has  been  very  destructive  to 
fruit  in  Arkansas,  West  Virginia,  and  several  other  States.  As  yet 
the  disease  seems  to  be  limited^  to  the  twigs,  and  has  not  been  noted 
upon  fruit  here. 

A  second  apple  twig  disease  has  been  found  in  destructive  abund- 
ance in  many  sections  of  the  State.  It  proves  to  be  a  species  of 
Ilypochnus,  which  has  not  been  recognized  heretofore  except  in  Bra- 
zil, where  it  was  reported  by  Noack  in  1898. 

Apple  Leaf  Spot,  which  is  very  destructive,  especially  in  the  moun- 
tains, has  been  studied,  and  will  be  the  subject  of  further  investiga- 
tion. 

Cankers  of  apple  and  pear  branches  are  exceedingly  abundant  and 
destructive,  and  scores  of  specimens  have  been  received.  These  can- 
kers have  been  studied  and  it  has  been  determined  that,  in  most  in- 
stances, they  are  due  to  Sphwropsis.  Sphspropsis  canker  of  the  apple 
is  an  old  enemy,  but  it  seems  to  be  especially  destructive  here.  Sphav 
ropsis  canker  of  the  pear  has  not,  to  my  knowledge,  been  known 
before.  Both  of  these  cankers,  in  addition  to  causing  injury  to  the 
twig  and  branch,  also  bring  about  ripe  rot  of  the  fruit. 

Monilia  frudigena,  causing  rot  of  the  apple,  has  been  found  and 
studied  somewhat.  This  is  the  first  time,  to  our  knowledge,  that  this 
disease,  which  is  exceedingly  destructive  in  Europe,  and  which  has 
been  reported  in  some  other  parts  of  the  United  States,  has  been 
found  in  North  Carolina. 

INVESTIGATIONS   CONCERNING   LETTUCE    SCLEROTINOSE. 

Investigations  of  this  exceedingly  serious  lettuce  disease,  begun 
under  the  Adams  fund  a  year  ago,  have  been  continued  throughout 
the  past  year.  Two  large  cold  frames  for  the  raising  of  lettuce  under 
canvas  have  been  constructed  on  the  Station  farm,  and  a  small  crop 
of  fall  lettuce  and  a  large  crop  of  spring  lettuce  was  raised  for  the 
purpewe  of  studying  the  disease.  Hundreds  of  plants  were  inocu- 
lated and  the  progress  of  the  disease  carefully  noted.     The  fungus 
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was  also  studied  in  the  laboratory,  receiving  close  attention  as  to  the 
manner  of  infection  by  means  of  spores  and  mycelium ;  as  to  the  life 
history  of  the  fungus ;  number  of  spores  formed  and  the  condition  of 
spore  formation;  action  of  poisons  upon  the  fungus;  its  growth  at 
normal  temperatures;  and  other  points  of  morphological  and  physi- 
ological interest.  Much  was  learned  concerning  the  fungus  and  the 
disease.  This  matter  will  be  presented  for  publication  in  bulletin 
form  soon.  The  lettuce  beds,  now  thoroughly  infected  with  the  dis- 
ease, are  in  excellent  condition  to  begin  a  study  of  methods  of  com- 
bating the  disease,  using  to  this  end  the  knowledge  which  we  have 
gained  concerning  it  in  this  year's  study. 

OTHER  PLANT  DISEASES. 

Cotton  Anthracnose, — Many  complaints  have  been  received  from 
various  portions  of  the  State  concerning  cotton  anthracnose.  Some 
attention  has  been  given  to  it  in  the  laboratory,  and  some  tests  con- 
cerning the  transmission  of  this  disease  from  year  to  year,  by  seed, 
are  under  way. 

A  New  Sweet  Potato  Disease. — ^A  sweet  potato  disease  that  we  are 
calling  the  ^*soil  rot,"  which  seems  not  to  have  been  described  in 
literature  before,  has  been  repeatedly  submitted  to  this  laboratory  by 
sweet  potato  growers  from  various  sections  of  the  State.  We  have 
found  a  fungus  (Fnsarium)  which  is  constantly  associated  with  this 
disease,  and  which  seems  probably  to  be  the  cause  of  it.  Experi- 
ments are  under  way  to  determine  whether  this  is  actually  so. 

An  Unknown  Tobacco  Disease  was  reported  to  us  from  Hillsboro. 
An  examination  of  the  disease  was  made  on  the  ground.  Numbers 
of  plants  were  dead  in  certain  regions  of  the  field.  No  cause  could 
be  assigned.  Material  was  brought  to  the  laboratory  for  further 
study  and  no  fungus  or  parasite  was  found  associated  with  this  dis- 
ease. If  this  disease  should  prove  of  permanent  importance,  further 
study  will  be  given  to  it. 

Com  Mold. — Samples  of  moldy  corn  have  been  received  from 
about  fifty  farmers,  and  in  nearly  every  case  the  mold  seems  to  be 
due  to  a  species  of  Diplodia.  A  report  of  this  work  on  corn  mold 
will  be  published  soon. 

Bean  Anthracnose. — Material  for  study  of  seed  transmission  of 
this  disease,  which  prevails  throughout  the  trucking  section  of  the 
State,  has  been  secured,  and  a  study  will  be  made  of  the  transmission 
of  the  disease  from  year  to  year  by  seed,  and  also  of  the  possibility  of 
preventing  such  transmission. 

Cucumber  Mildew. — Cucumber  mildew  has  been  very  destructive 
in  several  portions  of  the  State  on  both  cucumbers  and  cantaloupes. 
We  have  planted  cucumbers  in  our  lettuce  beds  and  will  conduct 
spraying  experiments  upon  them  this  spring. 
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Pear  Septoria. — In  the  neighborhood  of  Wilmington,  pear  trees 
suffering  very  seriously  from  some  disease  were  found.  Laboratory 
study  showed  this  disease  to  be  caused  by  a  species  of  Septoria. 

COLLECTION    OF    PLANT   DISEASES   AND   FUNGI. 

An  effort  has  been  made  to  enlarge  the  Station  collection  of  all 
kinds  of  parasitic  fungi,  either  on  weeds,  cultivated  plants,  or  wild 
plants.  Also  to  secure  typical  specimens  of  diseases  of  cultivated 
plants. 

GERMINATION    OF    OAT    SEED. 

This  has  been  a  subject  of  rather  extensive  investigation.  Oats 
were  submitted  to  formalin  at  different  strength,  for  various  lengths 
of  time,  under  various  conditions,  using  different  qualities  and  dif- 
ferent varieties  of  oats.  It  was  found  that  different  varieties  would 
withstand  the  action  of  formalin  differently;  that  the  seed  of  poor 
quality  are  killed  to  a  much  larger  extent  than  are  seed  of  better 
quality.  It  thus  appears  that  the  few  seed  lost  in  the  formalin  treat- 
ment are  undesirable  ones. 

PLANT  BREEDING  FOR  DISEASE  RESISTANCE. 

Watermelon  Wilt. — The  work  of  testing  and  selecting  melons  with 
the  object  of  securing  a  variety  resistant  to  the  wilt,  was  continued 
this  year.  Ten  varieties  resulting  from  previous  selections  were 
tested  on  isolated  plats  on  sick  soil  at  Auburn.  There  was  a  very 
much  larger  percentage  of  resistance  this  year  than  last,  more  of 
the  plats  produced  edible  melons  and  there  was  a  very  much  larger 
percentage  of  edible  melons  on  the  plats,  than  in  previous  years, 
nearly  three-fourths  of  the  melons  in  some  plats  beinn;  of  high  quality. 

Twenty-nine  selections  of  seed  from  melons  of  high  resistance  to 
the  disease  and  of  highly  desirable  quality  were  made  for  further 
tests  next  year. 

Tobacco  Wilt. — Several  varieties  of  tobacco  have  been  developed 
in  our  previous  breeding  work  to  such  an  extent  that  they  will  grow 
with  high  resistance  upon  infected  soil  on  which  none  of  the  ordi- 
nary varieties  of  tobacco  will  grow  at  all.  We  now  have  five  such 
varieties.  With  one  only  forty  plants  out  of  nine  hundred  and  fif- 
teen wilted;  another  fifteen  out  of  three  hundred  and  fifty-nine; 
another  twenty-five  out  of  three  hundred  and  five.  These  strains  of 
tobacco  will  be  tested  again  this  year. 

STUDY  OF  SPORE  MEASUREMENT. 

A  study  of  spore  measurement  has  been  made  with  the  object  of 
ascertaining  the  degree  of  variability  existing  among  fungi  when 
gro^vn  under  different  conditions  with  different  nutriment,  etc.  Re- 
sults of  this  work  are  about  ready  for  publication. 
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SOIL  BACTERIOLOGY, 

Nitrification, — Work  on  soil  bacteriology  under  the  Adams  fund 
has  been  continued.  Nitrifying  organisms,  both  the  nitrate  makeis 
and  the  nitrite  makers,  have  been  isolated,  enabling  us  to  study  them 
in  pure  culture.  An  improvement  upon  various  methods  of  tech- 
nique has  been  made  regarding  the  preparation  of  silicate  jelly.  An 
account  of  this  \va3  published  in  the  Ccntralblatt  fur  Bakteriologie, 
ParjLsitenkunde  u.  Infektionslcrankheiten,  Volume  XXI,  Xo.  13, 
1908.  Very  numerous  testa  have  been  made  of  the  nitrifying  power 
of  various  soils  under  various  conditions,  and  a  critical  study  has 
been  made  of  the  methods  of  determining  nitrifying  power  of  soils, 
and  the  factors  which  effect  the  nitrifying  power.  The  relation  of 
temperature,  aeration,  degree  of  moisture  and  chemical  composition 
of  the  medium  to  nitrification  has  been  closely  considered.  Careinl 
study  has  been  made  of  the  behavior  of  nitrifying  organisms  when  in 
solution  and  when  in  soil.  It  has  been  ascertained  that  there  is  a 
very  great  difference  in  the  behavior  of  these  organisms  in  the  soio- 
tion  and  in  the  soil.  An  attempt  has  been  made  to  ascertain  the 
reason  for  this  difference. 

Ammonification, — Ammonifying  organisms  have  been  studied 
much  as  have  nitrifying  organisms,  to  ascertain  what  proportion  of 
soil  organisms  are  ammonifiers,  imder  what  conditions  thry  am- 
monify most  rapidly,  and  the  behavior  of  these  organisms  in  soils 
and  in  solutions. 

Nitrogen  Fixing  Bacteria. — Some  attention  has  been  given  to  those 
organisms,  particularly  as  to  their  ability  to  fix  nitrogen  in  soils,  as 
compared  with  their  ability  to  fix  nitrogen  when  in  solutions. 

Availability  of  Amnwtnacal  Nitrogen  as  Compared  with  that  of 
Nitrate  Nitrogen. — This  fundamentally  important  que=tion  has  ben 
made  the  subject  of  study  in  pot  tests  and  in  the  field.  It  seems 
very  probable,  from  other  studies,  that  our  soils  are  deficient  in  ni- 
trifying power.  If  this  be  so.  it  is  very  important  to  know  whether 
nitrogen  in  the  form  of  pmmonia  is  fully  as  acceptable  to  the  plint 
as  nitrogen  in  the  form  of  nitrate.  If  the  nitrate  be  for  any  reason 
better  sitited  to  plant  nutrition,  it  then  becomes  important  to  devis? 
some  mode  of  increasing  the  nitrifying  power  of  our  soils. 

LEGUME   INOCULATION  EXPERIMENT. 

Tests  are  planned  and  are  partially  under  way  to  determine 
whether  the  root  tubercle  organism  of  burr  clover  is  capable  of  pro- 
ducing root  tubercles  upon  alfalfa. 

PTOMAIXE   INVESTIGATION. 

Investigations  have  been  l)egim  to  determine  under  what   c^n^li- 

tions  poisonous  products  are  formed  in  milk,  and  what  source  of  eon- 
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tamination  is  most  likely  to  produce  such  poisons.     The  work  has 
not  yet  been  carried  to  completion. 

PLANT   SURVEY. 

This  work  is  carried  on  in  cooperation  with  the  Bureau  of  Plant 
Industry.  Hundreds  of  letters  have  been  sent  to  farmers  throughout 
the  State,  in  order  to  ascertain  the  prevalence  of  certain  diseases  of 
plants,  and  to  secure  information  concerning  their  distribution.  On 
pages  66-82  are  given  the  results  of  this  work. 

CORRESPONDENCE. 

Numerous  inquiries  concerning  plant  diseases  and  other  botanical 
questions  have  been  received  and  answered.  In  all,  about  4,000 
pieces  of  mail  matter  have  been  sent  out  from  this  Division. 

CORN  TRAIN. 

One  member  of  this  Division  accompanied  the  com  train  on  its 
ten  day  trip  to  speak  on  "The  Prevention  of  Plant  Diseases."  Ap- 
proximately 3,000  farmers  were  in  this  way  reached,  concerning  this 
important  subject, 

COMPLETED   WORK. 

There  is  now  ready  for  publication  a  Bulletin  on  oat  smut,  con- 
taining the  results  of  some  six  years^  work  on  this  subject.  Th?re 
was  published,  during  the  past  year,  a  Press  Bulletin  on  the  Black 
Rot  of  the  Grape.  A  technical  article  on  the  prevention  of  diseases 
of  small  fruits  is  also  practically  ready  for  publicrtion. 

I  wish  to  acknowledge  the  efficient  aid  of  J.  C.  Temple,  Assistant 
in  Soil  Bacteriology,  and  J.  G.  Hall,  Assistant  in  Pathology,  each  of 
whom  is  an  exceedingly  capable  and  well-trained  man,  enthusiastic 
and  devoted  to  his  work. 

P.  L.  Stevens, 

Biologist 
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REPORT  OF  POULTRYMAN. 


I  beg  to  submit  the  following  report  of  the  work  in  the  Poultry 
Division  for  the  year  ending  June  30,  1908: 

For  the  past  two  seasons  we  have  been  pedigree  breeding  from  a 
large  number  of  hens  in  an  effort  to  improve  the  laying  qualities  of 
our  flock.  The  work  done  in  this  direction  shows  us  that  it  is  neces- 
sary, if  we  are  to  get  the  best  results,  to  have  more  information  about 
our  breeders  than  simply  how  many  eggs  they  each  lay  during  the 
year,  and  for  this  reason  we  have  for  the  past  year  been  keeping  rec- 
ords of  the  number  of  eggs  laid  by  each  hen,  the  fertility  of  the  eggs, 
chicks  hatched  and  the  number  living  until  four  weeks  old.  The 
system  that  we  have  adopted  of  keeping  the  pedigree  of  the  chicks 
will  also  give  us  the  age  of  each  chick,  and  this  data  shoiild  in  a  few 
years  afford  valuable  information  as  to  the  best  hatching  season  for 
profitable  egg-production. 

Work  has  also  been  commenced  during  the  year  to  determine  if  in- 
breeding can  be  practiced  for  a  number  of  years  without  detriment 
to  the  health  and  vigor  of  the  stock,  if  proper  attention  is  given  to 
these  characters  in  selecting  stock. 

There  is  a  belief  quite  prevalent,  especially  among  farmers,  that 
inbreeding  is  detrimental  in  poultry  work,  or  for  utility  poultry  at 
any  rate,  and  that  if  the  practice  is  of  any  value  it  is  only  in  the 
breeding  of  exhibition  poultry. 

It  is  believed  that  if  it  is  an  advantage  for  one  class  of  breeders 
it  may  be  just  as  useful  to  the  others  if  properly  used,  and  that  many 
breeders  are  losing  a  great  deal  on  account  of  their  prejudice  against 
this  practice. 

In  order  to  test  this  we  are  breeding  two  different  strains  of  Barred 
Plymouth  Rocks,  keeping  each  line  pure,  and  as  a  check  crossing  the 
two  from  time  to  time  to  see  if  there  is  any  advantage  in  the  introduc- 
tion of  new  blood. 

Realizing  that  cottonseed  meal  is  one  of  the  cheapest  and  best  stock 
feeds  obtainable,  we  have  undertaken  some  experiments  to  determine 
if  it  can  be  as  successfully  used  in  poultry  feeding  as  in  feeding  other 
kinds  of  stock,  and  if  so,  in  what  proportion  and  combinations  it  will 
give  the  best  results. 

Considerable  work  has  been  done  in  artificial  incubation,  special 
attention  being  given  this  season  to  the  question  of  whether  it  is 
beneficial  to  disinfect  the  incubator  before  er.ch  hatch,  also  whether 
the  addition  of  moisture  helped  the  hatch,  either  from  the  standpoint 
of  the  number  of  chicks  hatched  or  the  vitality  of  the  chicks. 

Six  incubators  were  used  in  this  work,  all  of  one  size  and  make, 
and  machines  which  are  sold  as  non-moisture  machines,  that  is  ma- 
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chines  that  do  not  need  any  supplied  moisture.  Kesults  varied  con- 
siderably from  one  hatch  to  another,  and  it  is  thought  best  to  con- 
tinue this  work  another  season,  trying  as  far  as  possible  to  eliminate 
the  conditions  that  we  think  were  most  largely  responsible  for  the 
varying  results  from  the  same  machines  in  different  hatches. 

It  has  been  the  almost  universal  custom  to  raise  chicks  that  are 
hatched  in  incubators,  in  brooders  with  artificial  heat,  but  during  the 
past  year  considerable  interest  has  been  aroused  in  a  method  of  rais- 
ing the  chicks  without  supplied  heat,  in  what  is  known  as  a  firelcss 
brooder.  If  this  system  is  a  success  it  can  readily  be  seen  that  it 
will  mean  quite  a  saving  in  the  cost  of  raising  chicks  artifisially,  sav- 
ing the  cost  of  the  kerosene  and  the  time  of  an  attendant  in  looking 
after  the  lamps.  Information  as  to  this  system  is  at  present  time 
confined  almost  exclusively  to  the  claims  of  the  parties  advertising 
the  system,  and  it  is  our  intention  to  try  this  system  the  coming 
season  so  that  we  can  give  information  as  to  its  use  to  parties  who 
are  interested  and  want  information  from  a  disinterested  source. 
KespectfuUy  submitted, 

J.  S.  Jeffkey, 

Poultryman. 
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EEPORT  or  HORTICULTURIST. 


Since  no  experimental  work  had  been  done  by  the  Horticultnral 
Division  for  a  number  of  years  previous  to  my  appointment,  the 
work  has  of  necessity  been  largely  of  a  formative  nature.  No  line 
of  work  has  been  carried  to  completion.  This  Division  is  now  con- 
fining itself  to  the  following  lines  of  investigation : 

DOUBLE  FLOWER  OF  THE  BLACKBERRY  AND  DEWBERRY. 

This  trouble,  generally  known  as  '^double  flower"  or  ''double  blos- 
som" among  our  dewberry  and  blackberry  growers,  gets  its  name 
from  the  fact  that  there  is  usually  a  doubling  of  the  flower.  The 
term  ^'rosette"  would  be  equally  applicable  because  of  the  rosettc-like 
growth  produced  from  the  buds  in  spring. 

The  Horticulturist  began  studying  the  trouble  during  the  summer 
of  1907.  It  was  found  in  several  sections  of  the  State,  and  in  each 
section  the  blackberry  industry  has  been  practically  wiped  out. 

ExpeHvients  at  Cavieron, — The  trouble  v;as  such  a  serious  0113 
that  the  horticulturist  at  once  began  cooperative  work  on  a  small  scale 
with  three  of  the  leading  growers  at  Cameron,  N.  C.  This  was  to 
determine  the  nature  of  the  abnormality,  to  get  the  growers  inter- 
ested, and  to  get  the  work  started,  since  it  would  require  at  least  one 
year  before  the  w^ork  could  be  undertaken  at  the  Experiment  Station. 
The  experiment  is  being  conducted  as  follows  in  each  field: 

Four  typical  adjacent  rows  were  selected  in  each  field.  The  entire 
growth,  both  old  and  new  canes,  of  two  rows,  was  entirely  destroyed 
early  in  July  immediately  after  the  picking  season.  These  plants 
must  produce  sufficient  new  cane  growth  during  the  remainder  of 
the  season  for  the  following  year.  Only  the  old  growth  (fruiting 
canes)  was  cut  out  of  the  other  two  rows,  leaving  the  young  cane 
growth  made  during  the  spring  to  produce  the  next  year's  crop. 

This  was  done  to  determine  what  influence  the  different  methods 
of  destroying  the  old  growth  will  have  on  the  ^*double  flower,"  and 
second,  whether  it  is  necessary  to  go  to  the  heavy  expense  of  destroy- 
ing all  of  the  cane  growth,  and  then  fertilizing  heavily  to  produce  the 
second  growth  of  new  canes  the  same  season.  The  plants  have  been 
carefully  studied  since  the  work  was  started  rind  valuable  data  have 
been  obtained.  Photographic  records  are  being  made  of  the  develop- 
ment of  the  normal  and  abnormal  buds  and  growth.  While  valuable 
data  have  already  been  obtained,  the  most  important  data  during  this 
season  Avill  be  obtained  during  the  fall  months.  Furthermore,  it 
will  require  further  study  and  experimentation  before  conclusive 
statements  can  be  made  regarding  the  cause  and  best  method  of  con- 
trolling the  trouble. 

Experiments  at  Stution  Farm. — Extensive  experiments  with 
"double  flower"  are  now  being  conducted  on  the  Station  farm.     Six 
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plots  of  Wilson  blackberry  and  six  plots  of  Liicretia  dewberry,  each 
plot  consisting  of  three  rows,  are  being  devoted  to  this  work.  These 
plots  were  planted  during  January  of  the  present  year.  These  par- 
ticular varieties  were  selected  because  they  have  been  the  most  im- 
portant, commercially,  in  the  State  and  are  bidly  affected.  It  will 
require  one  season  to  get  the  plants  well  established  before  any  real 
experimental  work  can  be  undertaken.  Each  plot  will  then  be  treated 
differently  in  the  way  of  pruning  and  destroying  the  old  and  young 
canes  to  see  what  effect  it  will  have  on  the  "double  flower." 

Aside  from  this,  we  are  testing  twenty-two  other  varieties  of  black- 
berries and  fourteen  of  dewberries  to  determine  what  varieties  are 
affected. 

SELF-STEBILITY  OF   DEWBERRIES   AND  BLACKBERRIES. 

Many  of  our  varieties  of  dewberries  and  blackberries  give  unsatis- 
factory results  when  planted  by  themselves.  This  appears  to  be  due 
in  many  cases  to  self-sterility. 

We  are  now  testing  fifteen  varieties  of  dewberries  and  twenty- 
three  of  blackberries  to  determine  to  what  extent  they  are  self-sterile ; 
the  cause  of  this  self-sterility,  and  the  varieties  that  will  be  the  best 
to  use  for  the  pollination  of  self-sterile  varieties. 

Since  these  plants  were  just  planted  during  the  past  winter,  no 
data  can  be  obtained  until  they  come  into  bearing  next  year. 

CONTROLLING  ANTHRACNOSE   BY  CULTURAL   MEANS. 

The  Horticulturist  is  now  carrying  on  cooperative  work  with  five 
of  the  leading  dewberry  growers  to  determine  the  best  cultural  means 
of  controlling  this  disease.  It  is  the  most  serious  disease  with  which 
dewberry  growers  have  to  contend  at  the  present  time. 

The  present  methods  of  controlling  the  disease  are  very  costly.  I 
believe  that  this  cost  can  be  considerably  reduced  by  improving  and 
modifying  the  present  cultural  methods. 

These  experiments  are  to  determine  how  often  the  canes  should  be 
cut  off;  the  best  depth  to  cut  them,  and  the  best  tools  for  this  purpose. 

The  work  was  started  last  summer  and  accurate  records  have  been 
kept  of  the  rate  and  character  of  new  growth.  This  year  records 
will  be  kept  of  the  amount  of  fruit  yielded  by  each  plot. 

MISCELLANEOUS  WORK. 

The  Division  is  giving  considerable  study  to  several  of  our  leading 
fruits.  Photographs  are  being  made  and  notes  taken  on  the  various 
methods  of  propagation,  planting,  cultivation,  and  marketing  of  the 
more  important  fruits.  The  Division  has  made  a  fairly  complete 
survey  of  the  dewberry  industry  of  the  State,  including  localities, 
names  and  addresses  of  growers,  and  acreage.  A  similar  survey  of 
other  leading  fruit«:  is  now  well  under  way. 

Respectfully  submitted,  F.  C.  Reimer,     ^^^ 

Horticulturist^ 
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REPOET  OF  ANIMAL  HUSBANDMAN. 


I  beg  to  submit  the  following  report  of  the  operations  of  this  Di- 
vision for  the  year  just  closed : 

It  will  be  necessary  to  say  at  the  outset  that  the  brief  report  fol- 
lowing is  simply  a  general  status  of  the  work  now  in  progress  by  this 
Division.  No  line  of  work  has  been  fully  completed  during  the  past 
year,  owing  to  the  fact  that  it  was  necessary  to  provide  entirely  new 
equipment  on  the  Station  farm. 

The  first  line  of  work  undertaken  was  a  determination  of  the 
amount  of  fermented  cottonseed  meal  which  could  be  fed  safely  in 
conjunction  with  corn  to  young  and  growing  hogs;  to  determine  the 
economy  of  gain ;  and  the  quality  of  the  product  when  compared  with 
corn  alone,  and  corn  and  linseed  meal. 

The  length  of  the  feeding  period  was  six  m.onths.  The  check  lot 
of  pigs  fed  on  corn  remained  in  an  unthrifty  condition  all  during 
the  experiment.'  The  two  lots  of  pigs  fed  on  corn  and  cottonseed 
meal  in  varying  proportions  made  larger  gains  as  the  amount  of 
cottonseed  meal  was  increased.  This  was  true,  however,  only  during 
the  first  period  of  three  months.  The  lot  which  made  the  largest 
gain  received  the  most  cottonseed  meal,  though  none  of  the  pigs  were 
fed  more  than  .02  pound  per  day.  The  gains  made  were  clearly  in 
favor  of  the  ration  composed  of  four  parts  of  corn  and  one  part  of 
cottonseed  meal.  The  limit  of  profitable  feeding  was  three  months 
or  thereabouts.  During  the  last  three  months  of  the  feeding  period 
the  gains  were  materially  decreased  with  all  pigs  fed  cottonseed  meal, 
which  would  seem  to  indicate  that  this  material  should  not  be  fed 
longer  than  seventy-five  to  ninety  days.  If  fed  to  hogs,  great  care 
should  be  taken  to  measure  or  weigh  the  amount  fed  each  time,  and 
discontinue  feeding  after  the  time  stated.  While  it  is  possible  that 
the  feeding  period  could  be  lengthened,  it  would  not  seem  to  be  a 
safe  venture  for  the  farmer  to  make. 

A  second  line  of  work  was  undertaken  to  determine  the  relation 
between  feeding  hogs  in  dry  lots  and  on  forage  crops.  The  ration  for 
each  lot  consisted  of  three  parts  of  corn  and  one  part  of  fermented 
cottonseed  meal.  With  three  lots,  this  ration  was  fed  in  conjunction 
with  green  crops;  with  the  fourth  lot,  the  corn  and  cottonseed  meal 
were  fed  alone  in  the  same  proportion  in  a  dry  lot.  This  experiment 
is  now  nearly  completed,  and  bids  fair  to  trive  valuable  data  in  favor 
of  the  green  crops,  which  can  be  produced  so  abundantly  by  North 
Carolina  farmers.  The  first  grazing  crop  furnished  Mas  fall  rye. 
after  which  oats  and  Canada  peas;  oats  and  rape  were  given  as  a 
second  series  in  the  succession.  For  the  third  series  of  forasre  crops, 
cowpeas  and  corn,  cowpeas  and  sorghum,  sweet  potatoes  and  peanuts 
were  fed.  These  crops  all  made  rapid  growth  and  furnished, feed  for 
the  neater  part  of  the  summer  and  fall  mouths.^'"'' ''^^^c5^" 

This  is  one  line  of  work  which  the  Station  expects  to  thoroughly 
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investigate,  as  swine  raising  is  one  of  the  paying  lines  of  wort  for 
the  farmers  in  this  State.  The  pigs  in  this  experiment  are  all  thrifty 
and  will  be  ready  for  market  by  the  latter  part  of  December,  after 
which  the  results  of  the  experiment  will  be  reported  in  detail. 

The  third  line  of  work  undertaken  was  the  feeding  of  cottonseed 
meal  to  horses  and  mules  to  determine: 

1.  The  possibility  of  using  such  a  supplementary  feed  with  corn. 

2.  The  economy  of  the  ration. 

3.  The  amounts  and  condition  in  which  it  could  be  most  satisfac- 
torily fed. 

4.  The  effect  on  the  condition  of  the  animal. 

The  work  mules  of  the  Station  are  being  used  in  this  experiment, 
and  each  mule  will  receive  one  of  the  rations  fed  each  of  the  other 
mules  during  the  experiment. 

The  preliminary  period  of  the  experiment,  lasting  from  April  6  to 
May  20,  proved  conclusively  that  the  meal  was  relished  by  the  mules 
in  quantities  as  large  as  one  pound,  and  in  some  cases  one  and  one- 
half  pounds  per  day.  The  meal  was  mixed  with  ear-corn  for  two 
mules,  and  with  com  and  cob-meal  for  three  mules  during  the  first 
part  of  the  final  feeding  period.  The  final  ration  which  is  being  fed 
at  the  present  time,  is  composed  of  ear-corn  and  cottonseed  meal,  the 
meal  fed  ranging  from  three-fourths  of  one  pound  to  two  and  one- 
fourth  pounds  per  day. 

The  above  experiment  is  to  be  run  one  year  exchisive  of  the  pre- 
liminary period.  The  ration  will  be  reversed  at  the  end  of  every 
two  months  to  eliminate  individuality.  During  the  first  part  of  the 
experiment  the  same  amount  of  meal  was  substituted  for  the  com 
that  was  taken  out  of  the  ration.  At  present,  however,  one  pound 
of  cottonseed  meal  is  being  substituted  for  as  much  as  two  pounds  of 
com,  to  determine  the  efficiency  of  the  cottonseed  meal  in  furnishing 
protein,  in  replacing  the  corn  and  balancing  the  ration. 

Most  farmers  are  feeding  an  all-corn  ration,  which  is  very  expen- 
sive and  imdesirable,  to  say  the  least.  The  purpose  of  this  experi- 
ment has  been  to  work  out  a  cheaper,  practical  and  more  efficient 
ration. 

In  addition  to  the  above  work,  there  has  been  considerable  im- 
provement made  at  the  Station  farm  in  the  way  of  buildinars  and  lots. 
A  number  of  farrowing  pens  have  been  built,  feeding  floors,  pens 
and  hog  pastures. 

The  Station  has  also  purchased  several  high  grade  Poland  Ch^'na 
brood  sows  and  a  pure  bred  boar,  which  are  to  be  used  for  raising  hogs 
of  uniform  type  for  future  experimental  work. 

Considerable  correspondence  has  been  carried  on,  this  beins:  mostly 
in  reference  to  breeds  of  live  stock  best  adapted  to  the  conditions  of 
the  State;  auestions  in  regard  to  breeding,  feeding  and  manaprement 
of  live  stock;  and  the  laying  out  lots  for  pasture  puri^oses.^^yi^^^- 

R.  S.  Curtis,    ^ 
Animal  Husbandman, 
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REPOET  OF  DAIRY  HUSBANDMAN. 


The  data  obtained  on  the  relationship  of  cold  to  the  keeping  quality 
of  milk  prove  conclusively  that  it  is  feasible  for  dairymen  to  d(  liver 
their  morning's  milk  in  the  afternoon  and  the  night's  milk  the  folio  a-- 
ing  morning,  thus  making  the  milking  independent  of  delivery.  In- 
deed they  prove  that  sweet  milk  may  be  furnished  by  making  only 
one  delivery  a  day.  The  data,  therefore,  point  the  way  to  saving  a 
great  deal  of  labor  as  well  as  much  unnecessary  drudgery. 

The  feeding  experiments  showing  that  rolled  oats  may  be  gradually 
substituted  for  milk  in  calf  rearing,  are  of  far-reaching  importance 
in  that  the  reduced  cost  resulting  from  such  substitution  will  undoubt- 
edly be  a  strong  factor  in  inducing  dairymen  to  raise  enough  calves 
to  build  up  and  replenish  their  herds. 

In  the  stover  and  hull  experiments  conducted  by  this  Division,  the 
fact  is  brought  out  that  dairymen  will  save  thousands  of  dollars  an- 
nually by  raising  and  feeding  corn  stover  instead  of  buying  and 
feeding  cottonseed  hulls. 

In  another  experiment,  it  was  demonstrated  that  dried  brewers' 
grains  have  the  same  feeding  value  as  corn  meal  when  both  are  used 
to  supplement  a  grain  ration  consisting  of  one-half  cottonseed  meal 
and  one-quarter  corn  meal.  Since  the  dried  brewers'  grains  can 
usually  be  purchased  at  a  much  lower  price  than  com  meal,  the 
economy  of  using  them  is  evident 

The  original  plans  presented  for  the  construction  of  cheap  ice 
boxes  and  sterilizers  wnll,  if  adopted  generally,  save  thousands  of  dol- 
lars to  our  dairymen,  besides  resulting  in  more  efficient  cooling  and 
sterilizing  than  would  be  possible  without  them. 

The  Division  has  also  worked  out  a  new  nie^hod  for  nnking  cot- 
tage cheese,  which  is  especially  adapted  for  making  this  cheese  on  a 
commercial  scale. 

Cottage  cheese  has  been  made  for  centuries,  but  this  is  the  first 
time,  so  far  as  known  to  the  writer,  that  any  successful  effort  has 
been  made  tb  place  the  making  of  this  cheese  upon  a  commercial  and 
scientifie  basis.  The  method  of  manufacture,  as  well  as  the  method 
of  marketing,  as  worked  out  by  us,  insures  absolute  unifonnity  of 
product,  and  makers  it  possible  to  manufacture  cottage  cheese  on  as 
large  scale  as  is  done  with  many  other  kinds  of  cheese. 

This  new  method  opens  the  way  for  an  extensive  and  profitable  use 
of  skim  milk. 

Respectfully  submitted, 

JOHX    MlCUELS, 

Dairy  Ilushandman. 
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REPORT  OF  ENTOMOLOGIST. 


When  I  came  to  the  Station  on  the  first  of  last  October,  I  tiund 
the  Entomological  Division  practically  without  laboratory,  library 
and  office  equipment.  Some  little  time  was  required  to  get  things 
in  shape  before  any  investigational  work  could  be  taken  up.  The 
insect  collection  was  found  to  be  small,  poorly  arranged  and  contained 
few  of  the  more  common  species.  My  time,  therefore,  for  the  past 
nine  months,  has  been  devoted  largely  to  making  insect  collections — 
both  by  collecting  and  by  breeding — to  attending  to  correspondence, 
and  to  getting  under  way  new  lines  of  investigation. 

PUBLICATIONS. 

A  Bulletin,  entitled  ^^Insects  Injurious  to  Garden  Crops,"  which 
contains  sixty-four  pages,  has  been  prepared.  This  was  written  with 
especial  reference  to  the  needs  of  gardeners,  truckers  and  farmers  in 
North  Carolina. 

INVESTIGATIONS. 

Life  history  studies,  and  in  some  instances  experiments  with 
remedial  measures,  have  been  conducted  with  insects  as  follows: 

Harlequin  Bug  (Mvrgantm  histrionica), — Commencing  when  the 
bugs  first  appeared  this  spring,  careful  observations  and  notes  were 
made  to  determine  the  following  points: 

(1)  Egg  laying  record;  (2)  period  of  incubation  of  eggs;  (3) 
length  of  life  cycle;  (4)  number  of  generations;  (5)  parasitism  of 
eggs  and  nymphs;  and  (6)  general  habits. 

Various  direct  remedies  have  been  tested  and  the  kerosene  emul- 
sicm  treatment  of  fifteen  per  cent  strength  has  proved  quite  effective 
against  yoimg  and  half-grown  bugs,  while  it  also  prevents  some  of 
the  eggs  from  hatching.  The  egg-laying  record  of  the  hibornating 
brood  has  been  secured,  one  female  laying  one  hundred  and  seventy- 
nine  eggs  between  April  7  and  June  9.  Other  individuals  under 
observation  laid  from  ninety-six  to  one  hundred  and  twenty  eggs  dur- 
ing a  shorter  period.  Many  interesting  and  important  facts  about 
terrapin  bugs  have  been  noted,  but  this  line  of  investigation  is  yet 
in  progress. 

Cabbage  Web-worm  (Hellula  undalis), — Plans  were  made  this 
spring  to  study  the  life  history  of  this  insect,  which  was  first  discov- 
ered in  Xorth  Carolina  by  the  writer  during  the  past  October.  Up 
Uy  June  30  no  web-worms  have  put  in  their  appearance,  but  it  is 
expected  they  will  be  present  certainly  by  late  summer  or  early  fall. 

Cabbage  Aphis  (Aphis  hrnfudcce), — Gratifying  results  have  hern 
secured  from  the  use  of  a  spray  of  common  soap  solution  as  a  remedy 
against  the  cabbage  aphis.     During  the  year  tests  have  been  made 
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both  on  the  College  and  Central  Hospital  farms,  using  various  soap 
solutions  of  different  concentrations  in  comparison  with  ten  and 
fifteen  per  cent  kerosene  emulsion  and  tobacco  decoctions,  with  the 
results  indicating  the  superiority  of  common  soap  solution,  both  in 
efficiency  and  economy. 

Plum  Curculio  (Conotrachelus  nenuphar). — This  insect  was  made 
the  subject  of  a  life  history  study  during  the  spring  and  the  length 
of  egg,  larva  and  pupa  stages  were  determined  for  North  Carolina 
conditions.  A  common  species  of  parasite  (Sigalphvs  curculionu) 
was  reared  in  considerable  numbers  from  the  curculio  larvae.  Ob- 
servations on  the  egg-laying  and  feeding  habits  were  made  and  re- 
corded. The  scope  of  this  experiment  is  also  to  be  increased,  and 
it  is  to  be  continued  during  the  coming  year. 

Fumigation  Against  Corn  Weevils. — ^Because  of  numerous  com- 
plaints of  poor  results  coming  from  the  use  of  carbon  bisulphid  as 
a  remedy  against  com  weevils,  the  writer  has  undertaken  to  find 
some  other  substance  or  substances  that  will  be  che^p  and  effective. 
A  number  of  tests  were  made  during  February  and  March,  but  the 
results,  while  encouraging,  indicate  that  much  further  work  of  an 
enlarged  nature  should  be  carried  on  before  attempting  to  draw 
definite  conclusions.  Extended  work  is  planned  to  be  taken  up  in 
a  vigorous  manner  during  the  coming  year. 
Eespectfully  submitted, 

'  R.  I.  Smith, 

Entomologist. 
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NoBTH  Carolina  Agricultural  Experiment  Station  in  Account  with  the 
United  States  Appropriations,  1007-1008. 

Dr. 
To  receipts  from  the  Treasurer  of  the  United  States,  as  per  appropriations  for  the 
fiscal  year  ending  June  30,  1008,  under  Acts  of  Congress,  approved  March  2, 
1887,  and  March  16,  1006: 

Hatch  Fund  $15,000.00 

Adams  Fund   0,000.00 

Cr. 

Hatch  Futid.  Adams  Fund, 

By  Salaries $6,045.83 

Labor  


Publications 

Postage  and  stationery  

Freight  and  express 

Heat,  light,  water  and  power 

Chemical  supplies    

Seeds,  plants  and  sundry  supplies. 

Fertilizers 

Feeding  stuffs   

Library 

Tools,  implements  and  machinery.. 

Furniture  and  fixtures   

Scientific  apparatus   

Live  stock  

Traveling  expenses  

Contingent  expenses   

Buildings  and  land   


.  $6,045.83 

$6,780.00 

2,024.00 

508.57 

038.54 

434.08 

258.50 

58.70 

36.81 

406.04 

445.07 

367.01 

218.10 

308.77 

733.04 

100.00 

143.20 

350.86 

666.30 

1.23 

162.05 

457.00 

200.00 

467.05 

122.47 

15.00 

338.01 

ToUl $15,000.00  $0,000.00 

We,  the  undersigned,  duly  appointed  auditors  of  the  corporation,  do  hereby 
certify  that  we  have  examined  the  books  and  accounts  of  the  North  Carolina  Ex- 
periment Station  for  the  fiscal  year  ending  June  30,  1008;  that  we  have  found  the 
same  well  kept  and  classified  as  above,  and  that  the  receipts  for  the  year  from  the 
Treasurer  of  the  United  States  are  shown  to  have  been  $24,000,  and  the  corre- 
sponding disbursements  $24,000;  for  all  of  which  proper  vouchers  are  on  file  and 
have  been  by  us  examined  and  found  correct,  thus  leaving  nothing. 

And  we  further  certify  that  the  expenditures  have  been  solely  for  the  purposes 
set  forth  in  the  Acts  of  Congress,  approved  March  2,  1887,  and  March  16,  1006. 

( Signed ) 

J.  T.  Ellington, 
O.  L.  Clark, 
T.  T.  Ballenger, 
R.  H.  Ricks, 

Auditors. 
(Seal.) 
Attest:     A.  F.  BowEN,  Custodian. 
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SCIENTIFIC  PAPERS. 


EXPERIMENTS   UPON  THE   EFFECT  OF  FORMALIN  UPON 
THE  GER/WINATION  OF  OATS. 


By  F.  L.  STEVENS. 


Many  different  strengths  of  formalin  are  or  have  been  at  various 
times  recommended  for  the  prevention  of  oat  smut;  also  many  dif- 
ferent modes  of  application  and  different  lengths  of  exposure  to  the 
formalin  fumes. 

The  two  factors  which  must  control  in  the  selection  of  the  strength 
to  be  employed,  and  the  time  and  the  mode  of  application,  are  the 
fatality  to  the  smut  spores  and  the  effect  upon  the  germination  of 
the  grain. 

While  the  strength  of  one  ounce  to  one  gallon  of  water  is  employed 
by  many  with  success,  it  occasionally  results  in  a  loss  of  the  crop, 
due  to  its  killing  the  seed ;  therefore  this  strength  is  to  be  regarded 
as  within  the  danger  limit,  and  is  not  to  be  recommended. 

In  order  to  ascertain  whether  one  ounce  to  two  gallons  of  water 
is  dangerous  to  seed,  tests  were  made  during  May,  1905,  with  one 
hundred  seeds,  employing  three  different  strentjths  of  formalin,  as 
indicated  in  the  following  table,  and  with  the  fertilizer  in  one  c~S3 
put  in  the  drill,  in  the  other  well  mixed  with  the  soil,  and  in  the 
third  using  no  fertilizer : 

Table  I. — Siiowinq  the  Effect  Upon  Germination  of  Formalin  Solutions 
OF  Different  Concentrations. 


'Ill 
:0"e  Ounce  One  OnnreOne  Oin'oel 

KonnaHii  I  Forn-allu  1  Formalin 
]     ir»(»ne     '     to  Two    I   to  Three 

Gallon.        Gallons.    ,   Gallons. 


Per  Cent. 

No  fertilizer _ 8«.5 

With  fertilizer  mixed  with  soil _        (JS. 

With  fertilizer  unmixed  with  soil. I       flS.o 

I 

Average I       5G.7 


Per  Cent 
80.5 
G0.5 
57.5 


Per  Cent 
37.3 
67.5 
53.5 


6G.2 


52.8 


Average. 

Per  Cent 
52.2 
6:U7 
50.8 

58.7 


No 
Formalin. 


Per  Cent 
S80 


100.0 


The  results  are  so  irregular  and  discordant  that  no  conclu?im 
seems  justified  unless  it  be  that  in  such  tests  a  much  laro:rr  number 
of  seeds  should  be  used  to  give  more  reliable  averages.  The  test  was 
therefore  modified  and  repeated  on  a  larger  scale  in  June,  1005. 
In  each  instance  one  pint  of  seed  was  treated  %\^  jji^^fo^^llin  solu- 
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tion  at  the  rate  of  one  gallon  of  solution  to  one  bushel  of  seed.  After 
treatment  two  hundred  seeds  were  taken  for  the  germination  test, 
with  the  following  results: 

Table  II. — Showing  Effect  Upon  Germination  of  Formalin  Solutions  of 
Different  Concentrations. 


Cloth-covered  12  houn  after  treatment  then  plant- 
ed imuiudiately 

Planted  immediately  after  treatment 

Dried  -m  hours  after  ireatment  before  planting 

Cloth-i'overed  12  hours  then  dned  with  lime  before 
piautiug _ 

Ayerage 


One  Ounce 

horuiunn 

to  Oite-iiiUr 

Gahou. 

One  Ounce 

1  onnaiin 

to  one 

oal.ou. 

Per  Cent. 

One  Ounce  One  Ounce 
honuiilin      i  oiiuuiin 
to  1  wo        10  Tune 
Ualiou&    •  (iuliui.8. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

•25 

95 

97 

93 

47 

09 

88 

89 

43 

90 

98 

91 

85 

91 

m 

94 

96 

87 

91 

98 

It  comes  out  clearly  from  this  experiment  that  the  strongest  solu- 
tion injures  germination  seriously,  though  no  injury  is  apparent 
from  the  treatment  by  the  other  solutions  under  any  of  these  condi- 
tions. There  is  even  an  indication  of  increased  germination  with 
the  increase  of  the  formalin,  as  shown  by  the  averages,  93,  d^  and  90 
per  cent.  Whether  such  stimulation  is  a  fact  or  whether  the  diffijr- 
(nces  shown  in  the  table  are  due  to  accidental  variation  in  the  seeds 
it  is  impossible  to  say.  There  is  no  significant  difference  resulting 
from  the  modes  of  treatment  with  £ny  of  the  strcrgths  imlrss  it  bd 
with  the  strongest  solution,  which  showed  greatest  fatality  when  cov- 
ered 12  hours  and  when  planted  immediately.  This  is  to  be  expected, 
since  both  of  these  modes  of  treatment  tend  to  retain  the  formalin 
fumes  in  contact  with  the  seed  for  a  longer  time  than  do  the  other 
treatments. 

The  solution  of  one  ounce  of  formalin  to  one  gallon  of  water  did 
no  appreciable  injury  to  these  seeds  with  any  of  the  modes  of  treat- 
ment followed.  In  field  practice,  however,  this  solution  and  even 
weaker  solutions  are  known  under  some  conditions  to  deplete  the 
stand.  It  seemed,  therefore,  th'^t  some  other  factor  must  at  t'mes 
enter  into  the  question;  that  probably  there  is  a  difference  between 
different  varieties  of  oats  or  between  oats  of  the  same  vari^tv  under 
different  conditions.  A  more  extensive  experiment  was  therefore 
planned  to  test  the  following  points: 

Do  different  varieties  of  oats  offer  different  descrres  of  rrsistnnce 
to  formalin  ?  What  percentage  of  the  seed  is  killed  by  formalin  of 
the  strengths  usually  employed?  Does  formalin  have  anv  stimu- 
lating effect  upon  germination  ?     Are  seeds  of  inferior  quality  more 
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susceptible  than  those  of  medium  or  excellent  quality?  Does  the 
fatality  increase  with  the  increase  of  the  time  of  application  ?  While 
many  tests  have  been  made  bearing  upon  these  points,  they  have 
usually  been  made  with  one  or  two  factors  only  in  mind,  and  the  re- 
sults are  neither  concordant  nor  conclusive.* 

A  series  of  crucial  experiments  was  planned  with  the  hope  of  gain- 
ing conclusive  answers  to  these  questions.^ 

In  all  cases  1,000  seeds  of  average  quality  were  taken  and  treated 
for  twelve  hours.  They  were  treated  with  formalin  of  the  strength 
indicated,  employing  1  cc.  of  the  solution  to  9.3  cc.  of  seeds,  this 
beiug  equivalent  to  the  usual  practice  of  using  one  gallon  of  liquid 
to  one  bushel  of  seed.  The  seed,  after  being  thoroughly  wetted  by 
the  solution,  were  placed  in  glass  capsules,  of  suitable  size,  to  pre- 
vent loss  of  formalin  by  evaporation.  Great  care  was  taken  to  have 
the  lots  exactly  alike,  except  as  regards  the  factor  under  obser\^ation. 
After  treatment  the  seeds  were  planted  in  flats  in  clean  sifted  sand 
in  rows  one-half  an  inch  apart,  with  the  seeds  evenly  distributed  in 
the  rows.  In  this  manner,  it  was  possible  to  account  for  every  seed. 
The  final  record  of  germination  was  taken  two  weeks  after  planting, 
since  experience  showed  that  all  viable  seeds  germinated  in  that  time. 

All  seeds  designated  as  of  average  quality  were  gotten  by  discard- 
ing from  a  clean  commercial  sample  of  considerable  size,  all  foreign 
seeds  and  empty  chaff,  but  retaining  all  actual  oat  seeds,  each  of 
which,  in  case  of  any  possible  doubt,  was  inspected  as  to  its  integ- 
rity. This  sample  was  thoroughly  mixed  and  the  1,000  seeds  for 
the  test  were  taken  absolutely  without  selection  by  always  taking  the 
seed  lying  nearest  at  hand,  be  it  large  or  small.  The  strengths  most 
used  in  practice,  .26  per  cent,  .39  per  cent,  and  .78  per  cent  of  for- 
malin, or  as  more  commonly  designated,  one  ounce  to  three  gallon?, 
one  ounce  to  two  gallons,  and  one  oimce  to  one  gallon,  were  employed ; 
also  a  weaker  solution,  one  ounce  to  four  gallons  (.2  per  cent  forma- 
lin). The  first  of  these  is  mostly  used,  the  second  often,  and  the 
third  rarely. 

'A  su'nrniry  of  much  that  has  been  done  is  presented  by  G.  Ko'rk  Uber  die 
Bedeutun^  des  Kornialdeliyils  als,  Pflanzenschutzmittel  U.  S.  V.  Zeit.  f.  Land— 
Versuchswesen,  Oest-.     Jahr  IX  19J6  811. 

'^  In  carrying  out  these  tests  I  am  indebted  to  the  efficient  assistance  of  F.  H. 
Brown. 


I 

I 
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IXFLUEXCE  OF  DIFFERENT  STRENGTHS  UPON  WHITE 
SPRING,    RED    RUST    PROOF,    VIRGINIA    WINTER 
GRAY,    APPLER,    BURT,    BLACK    SPRING    OAT    OF 
AVERAGE  QUALITY  TREATED  TWELVE  HOURS. 
Table  III. — Test  of  the  White  Spring  Oat,  1,000  Seeds. 


FUt 
No. 


II 

14 
15 
18 
12 


Strength  of  Solution. 


Number  Per  Cent 

Germinated.    I  Germinated. 


Control 

One  ounce  to  four  gallons  i  _. 
One  ounce  to  three  gallons  •  . 
One  ounce  to  two  gallons  >... 
<hie  ounce  to  one  gallon  *  — 


906 

91).  8 

996 

99.6 

998 

99.8 

985 

96.5 

941 

91.1 

Per  Cent  Hr 

Due  to 
Treatment. 


-.2 

—.0 

-1.8 
^5.7 


1  .2i)er  cent  formalin,  .06  per  cent  formaldehyde. 

*  J2a  per  cent  formalin,  .  1(M  per  cent  formaldehyde. 

*  Jt9  per  cent  fonnalin,  .  156  per  cent  formaldehyde. 

*  .78  per  cent  formalin,  .812  per  cent  formaldehyde. 


Plat 
No. 


16 
17 
20 
19 
IS 


Table  IV. — Test  of  Red  Rust  Proof  Oat,  1,000  Seeds- 
strength  of  Solution. 


Control- 

One  ounce  to  four  gallons 

One  ounce  to  three  gallons.. 
One  ounce  to  two  gallons... 
One  ounce  to  one  gallon 


Number 
Germinated. 


Percent 
Germinated. 


969 

981 
978 
925 


96.9 
96.4 
96. 4 
97.8 
92.5 


I    Per  Cent  + 

Due  to 
.    Treatment. 


I 


-.6 
— .5 
—1.6 
-6.4 


Flat 


Table  V. — Test  of  Virginia  Gray  Oat,  1,000  Seeds, 
strength  of  Solution. 


Number  Per  Cent  ^^nS'Ji  ^ 

Germinated.  "  Germinated.       Treatment. 


SO  Control 

9  One  ounce  to  four  gallons  _. 

28  One  on  nee  to  three  gallons. . 

27  One  ounce  to  two  gallons  ... 

26  <  Hie  ounce  to  one  gallon 


863 
855 
621 
790 


69.5 
88.3 
85.5 
82.1 
79.0 


—.2 

—.4 

—7.4 

-10.5 


Plat 
So. 


Table  VI. — Test  of  Appleb  Oat,  1,000  Seeds. 
Strength  of  Solution. 


Number 
Germinated. 


Per  Cent 
Germinated. 


Per  Cent  + 

Due  to 
Treatment. 


10  Control 

8  One  ounce  to  four  gallons 

9  One  ounce  to  three  gallons.... 

7  One  ounce  to  two  gallons 

•  One  ounce  to  one  gallon 


966 
OT7 
966 
968 
912 


96.6 
97.7 
95.8 
98.3 
91.2 


+1.1 

-.8 

-3.3 

-^.4 


3 
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Table  VII. — Test  of  Bubt  Oat,  1,000  Seeds. 

^^^    I  strength  of  Solution.  I 

1  I  Control _- I 

2  I  One  ounce  to  four  gallons ' 

3  One  ounce  to  three  gallons I 

4  One  ounce  to  two  gallons ___ ._ 

5  '•  One  ounce  to  one  gallon 

Table  VIII. — Test  of  the  Black  Spring  Oat,  1,000  Seeds. 


Niunber 
Germinated. 

Percent 
(Terminated . 

,    Per  Cent  -^ 
Due  to 
Treatinent. 

903 

90.3 

922 

92.2 

-fl.9 

930 

93.0 

+2.7 

901 

90.1 

—.2 

730 

73.0 

-17.3 

F^*^  strpnirthofSniiiHnn  i       Number  Percent  ^^S*!^^ 

Nn  Htrengtn  01  bOJUtlon.  i    OArmlnAt^d         r;pnninated.         Tr^  t 


^^^  otr«i.gtu  ui  ouiuuuu.  ;  Germinated.      Germinated. 


25      '  Control 934  93.4  

24        One  ounce  to  four  gallons— __.  959  |          95.9                     i-2.5 

23      '  One  ounce  to  three  gallons  __ 949  '          94.9                    -fl.5 

22      ,  One  ounce  to  two  gallons... _  90S  90.3                    — S.1 

21        One  ounce  to  one  gallon '  911  I          91.1  I          —2.8 

It  will  be  noted  that  the  White  Spring,  Red  Rust  Proof  and  Vir- 
ginia Gray  oats  give  perfectly  consistent  results,  showing  increasing 
fatality  with  an  increase  in  the  strength  of  the  solution  employed, 
the  loss  ranging  from  .2  to  5.7  per  cent  with  the  White  Spring  oat 
and  from  .2  to  10.5  per  cent  with  the  Virginia  Gray  oat. 

The  Appier,  Burt  and  Black  Spring  oats  show  with  the  weaker  of 
the  two  weakest  strengths  slight  evidences  of  stimulation  and  an  in- 
creased germination  over  that  obtained  without  treatment,  this  vary- 
ing from  1.1  per  cent  with  the  Appier  to  2.5  per  cent  with  the  Black 
Spring  oat. 

Increase  in  fatality  with  increase  in  strength  is  shown  with  the 
two  stronger  solutions  in  Tables  VI  and  VII. 

The  Burt  oat  with  a  loss  of  17.3  per  cent  in  germinating  power, 
being  the  one  when  the  strongest  solution  is  considered,  showing 
greater  susceptibility  than  any  other  tested. 

In  Table  VIII  the  Black  Spring  oat  presents  some  inconsistencies, 
notwithstanding  the  large  number  of  seeds  used  and  the  carefulness 
of  the  test.  These  may  be  explained,  however,  by  the  very  high  re 
sistance  of  this  oat  to  all  strengths  of  solutions,  thus  reducing  the 
total  of  fatalities  to  such  a  small  number  as  to  imduly  magnify  error 
from  accidents.  The  high  resistance  offered  by  this  oat  is  probably 
attributable  to  its  smooth,  shiny,  black,  hard  glumes  of  extraordinary' 
thickness. 

It  may  be  concluded  from  this  series  that  formalin  of  the  strength 
of  one  ounce  to  four  gallons  or  one  ounce  to  three  gallons  of  water 
may  be  used  without  detriment  to  germination  of  these  varieties,  but 
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that  greater  strength  will  appreciably  injure  the  germinating  power  of 
j^ome  of  them,  and  that  the  stimulating  effect,  if  any,  is  insignificant. 

TEST  OF  DIFFERENT  TIME  OF  EXPOSURE  TO  FOMA- 

LIN  AND  OF  THE  USE  OF  LIME. 

Table  IX.— Appler  Oat,  1,000  Seeds. 


Flat 
No. 


strength  of  Solution. 


I 


Time 
Treated. 


Number 
Germinated. 


Per  Cent 
Germinated. 


10 
49 
3i 
41 
6 
35 


Coutrol - 

One  ounce  to  one  gallon  . 
One  ounce  to  one  gallon  . 
One  ounce  to  one  gallon  . 


2-101 
2  hours 
6     " 


One  ounce  to  one  gallon 12 

One  ounce  to  one  gallon i     24 


966 
955 
»34 
911 
912 


96.6 
95.5 
98.4 
91.1 
91.2 
89.  S 


1  Formalin  two  hours,  lime  ten  hours. 

Table  IX  indicates  a  gradual  increase  in  fatality  with  increase  of 
the  time  of  application,  and  shows  slightly  beneficial  effect  from  the 
use  of  lime.  Comparison  of  Tables  IX  and  XI  brings  out  the  fact 
that  the  one  ounce  to  one  gallon  solution  may  be  used  for  two  hours 
with  greater  safety  than  the  one  ounce  to  two  gallon  solution  for 
twelve  hours,  and  that  with  lime  the  one  ounce  to  one  gallon  solution 
for  two  hours  is  no  more  injurious  than  the  one  ounce  to  four  gallons 
solution  for  twelve  hours.  While  no  experimental  evidence  is  at 
hand  regarding  the  resistance  offered  by  the  smut  spores  to  thes© 
solutions  of  different  strengths  for  different  times,  it  is  probable  that 
owing  to  the  minuteness  of  the  spores  the  strong  solutions  for  the 
short  time  would  be  more  often  fatal  to  them  than  would  a  w^eaker 
solution  for  a  longer  time.  It  is  probable,  therefore,  that  in  practice 
it  will  be  found  best  to  increase  the  strength  of  the  solution  and  to 
use  lime,  rather  than  to  increase  the  time. 

EFFECT  OF  QUALITY  OF  SEED  ON  RESISTANCE  TO 

FORMALIN. 

Table  X. — Appleb  Oat,  1,000  Seeds. 


Flat 
No. 


10 
6 
43 
M 
43 
47 
44 
48 


Stren^h  of  Solution. 


Control -  

One  ounce  to  one  gallon  _ 

Control 

One  ounce  to  one  gallon  _ 

r-ontrol,. 

One  ounce  to  one  gallon  . 

Control 

One  ounce  to  one  gallon . 


Quality  of 
Seed. 


Average 

Average 

Goo<l 

Good 

Medium 

Medium 

Poor 

Poor 


Number 
Germinated. 


066 
912 
991 
954 
976 
920 
987 
780 


Per  Cent 
Germlnatecl. 


96.6^ 
91.2) 
99.11 


95.4  r 

97. 6^ 


Per  Cent 
lioss  Due  to 
Treatment. 


5.4 


8.7 


4.6 


92.  of 

78.0)  ^ 
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Table  XI. — Virginia  Gray  Oat,  1,000  Seeds. 


Flat  ! 
No. 


strength  of  Solution. 


SO 
26 
86 
32 
87 
88 
88 
34 


Quality  of 


'"^ 


Control '  Average 

One  ounce  to  one  gallon I  Average 

Control Good 

One  ounce  to  one  gallon '         Good 

Control Medium 

One  ounce  to  one  gallon Medium 

Control Poor 

One  ounce  to  one  gallon Poor 


Number 
Germinated. 


790 
924 
826 
909 
801 
859 
659 


P^'^Cent         i^S^' 
Germinated,     i^^^^l^. 


89. 6| 
79.0  J 
92.4| 
82.6) 


90.9) 
80.l| 
85.9 
65.9 


} 


10.5 


9.8 


10.8 


20. 


Seeds  such  as  were  used  in  the  preceding  tests  were  carefully 
graded  into  three  classes,  each  seed  being  examined  individually. 
The  largest,  plumpest  grains  were  designated  as  ^*good,"  the  next 
lower  class  as  ^^medium,"  and  the  smaller  shrunken  ones  as  "poor/' 
Especial  care  was  taken  that  no  empty  glumes,  but  only  actual  seeds, 
be  included  in  this  last  class.  With  the  Appier  oat.  Table  X,  it  is 
seen  that  in  the  controls  the  seeds  germinated  according  to  quality, 
99.1,  97.6,  93.7  per  cent  respectively,  and  that  when  treated  with 
formalin,  one  ounce  to  one  gallon,  the  loss  of  germinating  power  was 
little  with  the  good  seeds,  a  trifle  more  with  the  medium  seeds,  but 
very  great  with  the  poor  sc^eds.  The  average  has  little  or  no  signi- 
ficance, since  no  record  was  kept  of  the  percentage  of  seed  of  each 
quality  in  the  average  sample. 

With  the  Virginia  Gray  Oat,  Table  XI,  kss  concordant  results 
were  secured.  The  main  fact,  however,  comes  out  clearly  that  there 
is  much  greater  fatality  from  treatment  among  the  poor  than  among 
the  better  seed. 

The  fact  brought  out  in  tliese  two  last  tables  is  very  significant,  in 
that  it  shows  that  even  the  slight  diminution  in  germinating  power, 
resulting  from  the  formalin  treatment  of  oats,  is  of  benefit  in  that  ic 
is  in  eflFect  a  form  of  seed  selection  resulting  in  a  partial  elimination 
of  the  poorest  seed,  to  the  betterment  of  the  sowing.  It  is  probably 
to  this  fact,  in  part  at  least,  that  we  may  attribute  the  beneficial 
effects  of  the  fonnalin  treatment,  so  frequently  not^,  even  when  no 
smut  appears  in  control  plats. 

In  view  of  these  facts,  it  may  be  desirable  in  practice  to  use  the 
strongest  solution  employed  in  these  experiments,  or  even  stronger, 
as  a  means  of  culling  out  the  poor  seed,  to  then  test  the  germinating 
power  in  order  to  ascertain  the  loss  of  live  seed,  and  to  regulate 
accordingly  the  amount  of  seed  to  use  per  acre  for  sowing.  Mechani- 
cal separation  might,  however,  attain  more  economically  the  same  end. 
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A  STUDY  OF  CORN  MOLD. 


By  F.  L.  STEVENS  and  J.  G.  HALL. 


The  disease  of  com  known  throughout  the  State  as  "mold,"  *'mil- 
dew,"  *'rot,"  "souring,"  attracted  particular  attention  in  1906,  and 
study  of  the  disease  was  begun  at  that  time. 

The  disease  affects  the  ear,  manifesting  itself  as  a  whitish  growth 
of  mold  over  the  surface  of  the  grains,  sometimes  affecting  the  whole 
ear  and  at  other  times  portions  only  of  it.  The  amount  of  fungus 
visible  upon  the  superficial  parts  of  the  grain  is  not  large,  but  upon 
breaking  open  the  ear,  it  is  found  that  the  spaces  between  the  bases 
of  the  kernels  are  often  densely  packed  with  masses  of  pure  whit<? 
mycelium. 

Externally,  no  signs  of  fruiting  bodies  of  any  kind  are  apparent, 
but  close  examination  at  the  point  of  attachment  of  the  grains  to  the 
cob,  in  many  instances,  reveals  the  presence  of  exceedingly  minute 
black  specks,  which  under  the  microscope  prove  to  be  the  fruiting 
organs  (pycnidia)  of  the  fungus. 

Numerous  mail  inquiries  have  been  received  concerning  this  dis- 
ease, and  in  response  to  letters,  a  large  number  of  specimens,  repre- 
senting many  different  sections  of  the  State,  were  received  and  ex- 
amined. While  other  fungi  were  occasionally  present,  in  nearly 
every  instance  the  symptoms  given  above  were  predominant,  and  the 
fungus  with  die  white  mycelium  and  the  black  pycnidia  was  the  only 
one  that  was  noticed  in  constant  association  with  the  disease. 

The  pycnidia,  upon  examination  under  a  microscope,  were  seen 
to  be  filled  with  rather  long,  slender,  smoky,  usually  two-celled,  occa- 
sionally three-celled,  spores.  These  spores  were  slightly  thicker  at 
one  end  than  at  the  other,  and  were  darker  in  color  at  the  thicker  end 
than  at  the  narrow  end. 

This  fungus  was  readily  isolated  in  culture  by  means  of  agar  plate?*, 
and  it  has  been  under  cultivation  in  the  laboratory  for  nearly  two 
years.  It  grows  rapidly,  producing  abundant  loose,  floccose,  aerial 
mycelium,  and  a  sparse  sprinkling  of  the  characteristic  pycnidia  with 
its  characteristic  spores. 

While  longer  in  proportion  to  the  thickness  than  is  usual  in  the 
frenup  Diplodia,  this  fungus  must  be  regarded  as  a  Diplodia;  in  its 
relationship,  however,  verging  toward  the  genera  Sepforia  and  Heri'- 
dersonia,  particularly  toward  the  dark  spored,  short-spored  septoria, 
such  as  Septoria  piricola  Desm.,  w^hich  grows  upon  the  pear. 

Three  species  of  Diplodia  have  been  described  upon  Zca ;  1 ,  D. 
^laydis  (Berk.)  Sacc.  Syll.  Fung.  Ill  373;  2,  D.  Frumenii  E.  &  E. 
Syll.  Fung.  X  292 ;  3,  t).  Macrospora  Earle  Syll.  Fung.  XIV  939. 
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These  were  originally  described  as  growing  upon  stems  and  probablj 
were  saprophytic. 

The  species  which  we  mention  above  agrees  well  with  the  descrip- 
tion of  Diplodia  Macrospora  Earle,  and  is  without  question  to  be  re- 
garded as  Diplodia  Macrospora,  although  that  species  has  not  hereto- 
fore been  reported  as  occurring  upon  the  ears  of  corn. 

A  second  species  of  Diplodia  was  also  found  in  some  instances  on 
the  molding  ears,  evidently  as  a  cause  of  the  mold.  This  specie^, 
while  to  the  naked  eye  showing  no  difference  from  Diplodia  Macro- 
spora as  to  its  mycelium  or  pycnidia,  was  markedly  different  in  sha}>e 
and  size  of  its  spores,  which  were  regularly  linear-oval,  evenly  col- 
ored throughout  and  much  shorter  than  the  spores  of  the  Diplodin 
Macrospora.  This  latter  species  agrees  completely  with  the  descrip- 
tion of  the  Diplodia  Maijdis  and  is  to  be  i^egarded  as  that  species. 

The  latter  species  has  recently  been  the  subject  of  investigation 
in  Illinois,^  and  was  also  reported  upon  at  the  last  meeting  of  the 
American  Association  for  the  Advancement  of  Science.* 

It  is  estimated  that  in  1906,  the  year  in  which  there  was  the  great- 
est amount  of  dry  rot,  so  far  as  any  records  have  been  made,  the  loss 
was  4.5  per  cent  of  the  entire  crop  in  Illinois.  This  represents  a  loss 
of  over  15,000,000  bushels,  having  a  value  of  more  than  $5,000,000. 
The  loss  in  1907  was  less  than  2  per  cent  of  the  crop  or  about 
$2,000,000. 

In  order  to  glean  from  the  farmers  as  many  facts  as  possible  con- 
cerning this  disease,  several  himdred  letters  were  sent  out  to  leading 
com  growers  throughout  the  State,  asking  the  following  questions; 

1.  Under  what  conditions  of  weather  does  it  do  most  damage,  dur- 
ing wet  seasons  or  dry  seasons  ? 

2.  Is  it  most  damaging  in  corn  standing  alone  on  the  stalk  or  in 
com  which  is  put  up  in  the  shock  ? 

3.  Does  it  appear  before  the  corn  is  husked  or  after  ? 

4.  If  it  shows  before  husking,  does  it  continue  to  develop  after 
husking  ? 

5.  Is  there  any  particular  variety  which  is  more  susceptible  than 
other  varieties? 

6.  Does  the  time  of  ripening  of  corn  affect  the  rotting? 

7.  Estimate  the  amount  of  damage  as  follows: 

a.  Dollars  per  acre. 

b.  Per  cent  of  crop. 

c.  Damage  in  your  county. 

In  response  to  those  letters  w^e  select  for  analysis  twenty-four  re- 
plies, representing  the  twenty-thiTe  separate  counties,  Jackson,  Mitch- 
ell, Ashe,  ^fadison,  (\swell,  Halifax,  Henderson,  Pasquotank,  Gas- 

Ull.     Ajrriciiltural  Experiment  Station  Circular  117. 

'Science  K.  JS.  XVII,  No.  684,  p.  212.  Dry  Hot  of  Com  and  its  Causes.  James 
T.  Barrett. 
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tini.  Stoke;*,  Samj)soii,  Burke,  Forsyth,  Kortharapton,  Yancey,  Davie, 
Wilson,  Watauga,  Buncombe,  Jklacon,  Chatham,  Catawba  and  Ala- 
mance. In  ten  instances,  these  replies  were  accompanied  by  samples 
of  diseased  com,  which  proved  to  be  unquestionably  the  disease 
under  consideration.  While  no  certainty  exists  that  the  other  four- 
teen replits  relate  to  this  disease,  it  is  most  highly  probable  that  they 
do,  since  the  disease  was  carefully  described,  since  there  appears  to 
U*  no  hesitation  on  the  part  of  the  farmer  as  to  his  recognition  of  it, 
and  since  in  the  Un  instances  where  samples  were  submitted,  no  error 
was  noticed. 

As  to  the  first  question:  there  was  an  unanimity  of  opinion  that 
the  disease  was  worse  in  wet  seasons  than  in  dry  ones.  In  one  in- 
stance, the  reply  was  that  it  w^as  that  it  was  worse  in  warm,  wet 
weather. 

As  to  the  effect  of  shocking:  three  replies  stated  that  there  was  no 
difference  whether  the  com  was  in  shock  or  still  standing,  six  replied 
that  the  disease  was  worse  in  the  shock,  and  six  replied  that  the  dis- 
ease was  worse  when  it  was  not  in  shock,  so  that  in  all  probability  the 
dis(  ase  is  independent  of  this  condition. 

Regarding  question  number  three:  fifteen  stated  that  the  disease 
appears  before  the  corn  is  shucked,  while  only  two  stated  that  the 
di>ease  comes  upon  tlie  corn  after  shucking.  One  stated  that  it  con- 
tinues to  <levelop  after  shucking,  eighteen  state  tliat  it  does  not. 

As  to  specially  susceptible  varieties:  eleven  replies  were  to  the 
« tfect  that  some  varieties  were  more  subject  to  the  disease  than  others. 
Tbrte  r(}>lies  stated  that  there  was  no  difference  in  susceptibility  in 
the  varietits.  Among  the  varieties  named  as  being  more  susceptible 
than  others  were  the  following: 

Any  early  varieties,  Iowa  Silver  ^line,  Boone  County  White,  Hick- 
ory King,  Any  red  variety.  Large  Cob,  Dent,  Strawberry  Corn, 
Sugar  ('oru.  Soft  Varieties,  Yellow,  Large  (^ob,  Large  Kernel. 

The  amount  of  damage  was  placed  at  from  10  to  50  to  75  per  cent 
of  the  value  of  the  crop.  Estimates  as  to  dollars  per  acre  and  the 
damage  per  county  were  so  unsatisfactory  as  to  be  undeserving  of 
analysis.  It  is  certain,  however,  that  the  disease  causes,  in  the  aggre- 
firate,  a  very  large  loss  in  this  State.  Both  species  of  Diplodia  caus- 
ing this  mold  are  known  to  live  and  flourish  upon  com  stalks,  and  it 
is  not  to  he  doubted  that  the  ftmgus  multiplies  on  old  stalks,  making 
there  enormous  quantities  of  spores,  which,  spread  by  the  wind,  cause 
<lisease  to  the  following  crop.  It  is  therefore  very  important  to  plow 
under,  so  far  as  is  possible,  all  old  stalks,  leaves  and  shucks,  to  thus 
diminish  the  amount  of  infected  material. 
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I.     STUDIES  IN  SOIL  BACTERIOLOGY.' 

NITRIFICATION  IN  SOILS  fIND  IN  SOLUTIONS. 


By  F.  L.  STEVENS  and  W.  A.  WITHERS 
Assisted  by  J.  C  TEMPLE  and  W.  A.  SYME. 


Following  the  lead  of  Robert  Koch  in  1881,  in  the  utilization  of 
his  gelatine  plate  method  for  enumeration  of  the  bacterial  flora  of 
various  soils,  came  a  vast  number  of  researches  directed  toward  a 
detennination  of  the  numbers  of  bacteria  in  soils  from  various 
sources,  depths,  conditions,  etc.,  and  much  valuable  information  was 
gained  as  to  the  relative  numbers  of  organisms  obtaining  in  soils 
under  different  conditions.  But  it  came  to  be  recognized  after  a  few 
years  that  the  method  of  enumeration  of  bacterial  floras  by  plate 
counts  falls  far  short  of  furnishing  the  needed  data  for  a  proper 
understanding  of  the  functions  of  bacteria  in  soils. 

Attention  was  then  directed  toward  methods,  not  to  determine  the 
number  of  bacteria  in  soils,  but  to  determine  the  abundance  or  effi- 
ciency of  the  particular  kinds  of  organisms  that  are  known  to  l>e 
either  beneficial  or  injurious  to  agricultural  soils.  This  problem 
was  essayed  in  two  different  ways,  by  Remy  in  1902,^  and  Hiltner 
and  Stormer  in  1903.* 

The  method  of  Remy  consists  in  using  as  an  inoculum,  weighed 
amounts,  usually  one  to  ten  grams,  of  the  soil  under  investigation, 
and  with  this  inoculating  sterile  solutions  of  various  composition  to 
ascertain  the  chemical  changes  effected  in  the  solutions  by  the  bac- 
teria introduced  with  the  inoculum.  In  this  way,  for  example,  a  1  per 
cent  peptone  solution  is  inoculated,  and  the  amount  of  ammonia  found 
at  the  end  of  a  given  number  of  days  is  taken  as  an  indication  of  the 
ammonifying  power  of  the  soil.  Similarly,  solutions  containing  am- 
mouiacal  compounds  are  employed  to  gain  an  index  of  the  nitrifying 
power,  and  Giltay's  solution  is  used  to  measure  the  denitifying  power. 

The  method  of  Ililtncr  and  Stormer  consists  in  using  Solutions 
similar  to  those  employed  in  Remy's  method,  but  making  in  each 
analysis  a  series  of  inoculations  with  the  inoculum  varying  from 
1000  milligrams  to  0.001  milligram  of  soil.  Since,  in  some  in- 
stances, the  dilution  used  fails  to  cause  reaction  because  the  quantity 
of  inoculum  is  so  small  as  to  contain  none  of  the  specific  organisms 


'  The  facts  set  forth  in  this  article  were  presented  in  substantially  this  same  form 
at  the  seventh  annual  meeting  of  the  North  Carolina  Academy  of  Science  May  2. 
1908.    See  Science  27  ppr.  988.   .This  article  also  appears  in  the  current  volume  of 
the  C^ntralblatt  fiir  Bakteriologie  II  ab. 
'Centr.  Baltt.  2   Abt.  8  (1908)   pp.  657-699,  728-761.  iiiioit' 

^Studien  uber  die  Bakterienllora  des  Ackerbodens,  Berlin,  (1903)^0 
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in  question,  while  in  other  instances  there  is  reaction,  indicating  the 
presence  of  the  organism,  some  conclusions  are  permissible  as  to  the 
number  of  bacteria  present  of  the  particular  kind  in  question  in  the 
inoculum  used. 

The  methods  of  Remy  and  of  Hiltner  and  Stormer  and  modifica- 
tions of  these,  have  been  used  in  numerous  investigations  in  soil  bac- 
teriology, and  much  knowledge  has  been  gained  as  to  the  abilities  of 
the  bacteria  of  the  soil  to  effect  changes  of  particular  kinds  in  the 
solutions  employed  and  under  the  conditions  of  the  tests. 

The  use  of  soil  itself  as  a  culture  medium  in  which  to  study  the 
activities  of  bacteria  under  conditions  of  bacteriological  control  seems 
to  have  been  singularly  neglected,  and  when  employed,  has  been  used 
only  for  special  purposes,  e.  g.,  Coleman^  and  Bazarewski,^  who  em- 
ployed soil  in  physiological  studies  of  nitrifying  organisms,  and  by 
Wimmer^  and  Hoffman.* 

The  object  of  soil  bacteriology  is  to  picture  clearly  the  kinds  and 
intensities  of  bacterial  activity  in  the  soil  in  order  that  the  effects  of 
cultural  methods,  fertilizers,  crops,  etc.,  upon  the  bacterial  flora  and 
its  efficiency  may  be  known,  to  the  end  that  defects  may  be  recognized 
and  corrective  measures  employed. 

That  the  methods  of  Remy,  of  Hiltner  and  Stormer  and  of  their 
followers  come  much  nearer  to  this  ideal  than  mere  colony  enumera- 
tion, can  not  be  doubted,  but  that  either  of  these  methods  very  closely 
approximates  actual  occurrences  in  the  soil  itself  is  questionable. 
Conditions  of  bacterial  life  in  solution  and  in  soil  may  be,  indeed 
they  certainly  are,  fundamentally  different,  and  the  most  that  can  be 
said  with  assurance,  when  isolated  species  or  natural  or  artificial  com- 
posites of  species,  are  inoculated  into  solutions  of  kno\^Ti  composi- 
tion and  produce  certain  chemical  changes,  is  that  the  organisms 
present  bring  about  the  changes  noted  under  the  conditions  of  the 
test,  i.  e,,  dealing  with  solutions  of  the  artificial  nature  of  those  that 
are  employed. 

By  such  tests  it  has  been  noted  that  certain  species  of  bacteria  and 
certain  live  soils  when  placed  in  solution  bring  about  nitrification, 
ammonification,  denitrification,  etc.,  wnth  certain  degrees  of  inten- 
sity. It  by  no  means  follows  of  necessitv  that  the  same  organisms 
when  in  soils  cause  the  same  chemical  changes,  or  if  so,  with  the 
same  intensities. 

To  picture  adequately  the  functioning  of  soil  bacteria,  methods 
must  be  used  which  show  as  nearly  as  possible  the  effects  as  they  are 
actually  produced  by  bacteria  in  soils.     To  assume  that  bacterial 

» Unterauchungen  ueber  Nitrifikation  Cent  f.  Bak.  2  abt.  20,  401,  (1908) . 

'Beitrasre  zur  Kenntnis  der  Nitrifikation  und  Denitrifikation  im  Boden  1906. 
Diss.  Gottingen. 

3  Zeit.  f.  Hyg.  48,  160  (1904). 

♦  Relation  of  Soil  Bacteria  to  Nitrogenous  Decomposition,  23rd  Kept.  Wis.  Aer. 
Exp.  St.   (1906)    120.  Digitized  by  VjUU^IC 
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changes  produced  in  a  solution  represent  the  changes  that  would  be 
caused  by  the  same  bacteria  in  a  soil,  is  to  base  upon  the  hypothesis 
that  the  action  of  a  given  species  of  bacteria  in  a  solution  is  the  same 
in  kind,  and  approximately  the  same  in  degree  as  is  the  action  of  the 
same  species  when  in  a  soil. 

Both  upon  a  priori  grounds  and  as  the  result  of  numerous  observa- 
tions during  the  past  few  years,  we  were  led  to  doubt  the  validity  of 
this  hypothesis.^  A  series  of  experiments  was  therefore  instituted 
to  test  the  question:  Do  soil  bacteria  act  in  solutions  the  same  as 
they  do  in  soils  ?  The  results  of  these  experiments,  with  other  ex- 
pcriments  of  collateral  bearing  we  here  present  and  discuss. 

We  may  state  in  advance  that  working  with  pure  cultures  as  well 
as  with  soil  composites,  there  is  a  great  divergence  in  behavior  of 
the  same  organisms  when  in  soils  and  in  solutions  as  regards  nitrifi- 
cation,^ denitratation,  and  ammonification ;  that  some  species  or  racts 
affect  their  chemical  changes  in  each  medium,  some  in  one  only, 
others  to  different  degre(^s  in  different  media. 

Bacteriological  Methods. 

In  all  instances  strict  bacteriological  precautions  were  taken  to 
avoid  contamination  of  the  test  cultures.  In  cases  of  composite  or 
crude  inoculations  with  soil,  the  soil  to  be  used  was  taken  with  asep- 
tic precautions,  and  the  water,  media,  glassware,  etc.,  were  sterile. 
Unless  otherwise  stated,  the  cultures  were  in  cotton-stoppered,  Erlen- 
meyer  flasks,  and  were  ke[)t  in  a  dark  incubator  room  at  a  tempera- 
ture varying  from  30  degrees  to  35  degrees.  Calcium  carbonate  was 
added  to  all  cultures.  400  grams  of  air-dry  soil  were  used  with  water 
sufficient  to  render  one-third  saturated,  unless  otherwise  stated. 

Before  sterilizing,  the  soil  and  nitrogenous  material  (except  as- 
paragin)  were  mixed,  the  water  content  made  as  desired,  and  the 
whole  flasked,  plugged,  autoclaved  for  one  hour  at  120  degrees,  and 
inoculated  as  desired.  To  sterilize  as])aragin  a  definite  amount  was 
weighed  into  a  graduated  flask,  and  enough  ether  added  to  cover  the 
asparagin.  After  twenty-four  hours  the  ether  was  evaporated,  sterile 
water  added,  the  asparagin  dissolved  and  mnde  up  to  a  definite  vol- 
ume. The  desired  amount  of  this  solution  was  taken  with  a  steril » 
pipette. 

'Since  the  publication  of  the  brief  abstract  of  this  paper  in  Science,  27,  p.  98S. 
Fraps  (Bui.  KHi,  Tex.  Apr.  Kxp.  Sta.  p.  8)  has  noted  that  nitriticat'on  does  not 
proceed  in  saturated  soils,  and  Lipman  in  his  book  ''Bacteria  in  Relation  to 
Country  Lile,"  p.  388,  says  that  "With  too  much  (moisture)  nitrification  was 
suspended.*'  Failue  to  nitrifv  in  an  almost  "waterlogged"  sand  was  also  noted 
by  Hortman  ('28rd  Kept.  VVis.*'Ag:r.  Exp.  Sta). 

'Throughout  this  article  we  employ  the  term  nitrification  which  has  by  many 
writers  been  used  in  many  divers  ways,  in  what  seems  its  most  log'ical  meaninpr,  to 
designate  the  change  of  ammoniacal  nitrogen  to  nitrate  nitrogen,  and  the  term 
nitritation  and  nitratation  to  mean  respectively  change  to  nitrite  and  nitrate,  as 
has  been  done  by  Winogrradsky.  The  term  denitratation  Is  introduced  to  desig- 
nate change  from  the  nitrate  to  some  other  form  containing  less  oxygen. 
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When  it  was  desired  to  absorb  solutions  by  soil,  the  soil  to  be  used 
was  dried  in  an  air  bath  at  100-105  degrees,  then  200  or  400  grams 
of  this  soil  were  flasked,  plugged,  sterilized,  and  the  solution  to  be 
absorbed,  previously  inoculated,  was  poured  upon  it. 

Three  methods  of  inoculation  have  been  employed:  first  the  de- 
sired quantity  of  fresh  soil  (the  inoculum)  was  poured  into  the  flask 
on  top  of  the  soil  to  be  inoculated  and  mixed  by  thorough  shaking; 
second,  the  soil  inoculum  was  weighed  into  a  flask  containing  the 
nutrient  solution,  and  this  mixture  poured  onto  the  soil  medium  in 
the  flask  and  mixed;  third,  a  bacterial  suspension  was  secured  by 
adding  100  grams  of  soil  to  200  cc.  of  sterile  water  and  shaking  three 
minutes.  Inoculations  were  then  made  with  the  desired  amount  of 
the  suspension. 

Chemical  Methods. 

Soil  Extract. — To  the  sample  of  400  grams  of  soil  were  added 
10  cc.  of  chloroform  and  water  sufficient,  with  that  originally  in  the 
soil,  to  make  1200  cc.  Shaking  in  a  shaking  machine  was  continued 
for  four  hours.  After  standing  over  night,  the  solution  w^as  (1) 
poured  off  if  sufficiently  clear,  or  (2)  filtered  through  a  Pasteur- 
Chamberland  filter,^  or  (3)  after  an  aliquot  part  had  been  taken  for 
the  ammonia  determination,  the  remainder  was  treated  with  lime 
and  carbon  black  and  filtered  after  precipitating  the  lime  with  a  cur- 
rent of  carbon  dioxide. 

Ammonia. — When  nitrogen  was  added  in  the  form  of  ammonium 
sulphate,  it  was  expelled  by  boiling  with  a  solution  of  sodium  hy- 
droxide. When  it  was  added  in  organic  forms,  it  was  expelled  by 
boiling  in  the  presence  of  magnesium  oxide.  In  either  case  the  dis- 
tillate was  collected  in  one-fifth  normal  hydrochloric  acid  and  titrated 
with  one-tenth  normal  ammonium  hydroxide  solution,  using  cochineal 
as  an  indicator. 

\ATien  the  amount  of  nitrogen  was  less  than  the  equivalent  of  0.1 
cc.  of  one-tenth  normal  ammonium  hydroxide  solution,  the  ammonia 
was  liberated  and  collected  in  the  same  manner,  but  the  amount  was 
determined  by  Xesslerizing. 

Nitrites  and  Nitrates. — The  clarified  solution  was  tested  with 
diphenylamine,^  which  is  sensitive  to  one  part  of  nitrogen  in  the  form 
of  nitrite  or  nitrate  in  twenty  millions  or  0.05  milligrams  nitrogen  in 
one  liter.  In  the  case  of  soils  where  the  dilution  of  the  solution  was 
approximately  twenty  times,  the  method  would  show  0.1  milligram 
nitrogen  in  100  cc.  of  soil  solution  or  about  0.06  milligram  in  400 
grams  of  soil. 

Nitrites. — The  sulphanilic  acid  method  of  Griess'*  was  used  for 
nitrites. 


»  Bureau  of  Soils  U.  S.  Dept.  Agr.  Bui.  No.  3L  (1906)  p.  12. 
•Treadweirs  Analytical  Chpmistry  (MK)6),  1,  p.  341.  .,    ^^  .  Inr^^- 

•Bul.Soc.Chim.  (3)  2,  (1889);  Bureau  of  Soils,  U.  S.  Deptf^^^l^.^^Bul.'^t,  (1906), 
p.  41. 
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Nitrates, — Nitrates  were  usually  determined  by  the  Tiemann- 
Sehiilze  method,^  deduction  being  made  for  nitrites.  When  the 
amount  of  nitric  oxide  liberated  was  small,  a  correction  was  made 
for  the  amount  insoluble  in  a  concentrated  solution  of  ferrous  sul- 
phate. 

When  the  amount  of  nitrc^n  in  the  form  of  nitrates  was  very 
small,  it  was  estimated  by  the  phenol-disulphonic  acid  method.* 

Explanation  of  Tables. 

The  amounts  of  ammonia,  nitrites  and  nitrates  are  expres.^ed  in 
terms  of  the  element  nitrogen. 

The  amounts  of  nitrogen  found  at  the  end  of  the  experiment  in 
different  forms  of  combination  are  expressed  in  terms- of  percentages 
of  the  nitrogen  added  at  the  beginning  of  the  experiment  and  in  terms 
of  milligrams  in  100  cc.  of  solution.  In  the  case  of  soil,  unless  other- 
wise stated,  the  total  amount  of  water  present  with  400  grams  of  soil 
was  GO  cc,  which  was  sufficient  for  one-third  saturation.  In  pre- 
paring the  samples  for  experiment,  the  amount  of  water  added  was 
sufficient,  together  with  that  originally  present  in  the  soil,  to  make 
60  cc.  approximately. 

Table  I. — Showing  Nitrification  or  Both  Ammonium 

55  e:  Medium.  Inoculum.  Initial  Nitrofpen. 

•2    ■      -  a2        ' 

B        ^  aZ  .    ,  '     "  ' 

:^    I    5        i    E||    .  1  I 

Q  I    S  I  I  I  'I 

1902     10-17-07  28       |  Live  soill  886 400      1 —J '       240        (NH*^,  SO. 

1908,         "  28         Sterile  soil  1866 400      I       240        (NH4^jS()« 


1904  ••  28  Live  soil  1866 400      _. _        240        C.  S.  M. 

1905  ♦'  28       1  Sterile  soil  1866 :       400      , '       240        C.  S.  M. 


I 


I 


1905a         ••       ,       28         Omelianski's  solu_.J       300       Soil  1866 '       5      I       127.3     (NH4),  SO. 

XITRTFICATIOX  IX  SOILS  AX^D  IX^  SOLUTIOXS. 

Experiment  No,  32, — 400  grams  of  soil,  Xo.  1866,  from  the  bed 
of  the  greenhouse  were  placed  in  a  liter  Erlcnmeyer  flask.  Water, 
containing  ammonium  sulphate  to  amount  of  240  milligrams  of 
nitrogen,  was  added  to  make  one-third  saturation.  Another  flask  was 
similarly  prepared,  except  that  the  nitrogen  was  in  the  form  of  cotton- 

»Treadwell'8  Anal.  Chem.  (U)04),  Vol.  2.,  p.  860.  Zeit.  f.  Anal.  Chem.  14  (1870) 
p.  401. 

'Jour.  Am.  Chem.  Soc.  16,  (1894);  122,  193.  Bureau  of  Soils,  U.  S.  Dept.  Act. 
Bui.  31,  (1W6)  p.   39.  Digitized  by  ^UUi^Lt: 
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seed  meal.  Check  flasks  similarly  prepared,  but  sterile,  were  pro- 
vided in  each  instance.  The  flasks  were  kept  in  the  incubator  room 
four  weeks  at  30-35  degrees. 

At  the  same  time  Omelianski's  solution,^  containing  ammonium 
sulphate,  was  inoculated  with  5  grams  of  the  same  soil  and  main- 
tained under  the  same  conditions  as  were  the  soil  cultures.  The  re- 
sults appear  in  Table  I. 

It  is  here  evident  from  the  soil  tests,  both  with  ammonium  sul- 
phate and  with  cottonseed  meal,  that  this  soil  is  in  a  vigorous  nitri- 
fying condition,  yet  the  tests  by  inoculation  in  solution  give  no  indi- 
cation of  the  presence  of  nitrate,  even  by  diphenylamin,  capable  of 
indicating  one  part  of  nitrate  in  two  millions.  It  may  be  added  that 
this  soil  has  never  nitrified  in  solution  sufficiently  to  give  the  dipheny- 
lamin reaction,  though  in  soil  tests  it  has  repeatedly  showed  itself  to 
be  in  reality  a  vigorous  nitrifier. 

The  entire  absence  of  ammonia  in  the  cultures  with  cottonseed 
meal  was  so  striking  and  unexpected  that  the  samples  were  again 
analyzed  on  December  6,  with  confirmation  of  the  fact  that  neither 
of  the  cottonseed  meal  flasks  contained  ammonia. 

This  raised  the  question  whether  the  soil  under  study  had  any 

Sulphate  axd  Cottonsked  Meal  i:»  Soils  but  Not  in  Solutions. 
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ammonifying  powder,  and  tests  were  conducted,  employing  both  pep- 
tone and  cottonseed  meal  separately  and  inoculating  with  soil  No. 
1S66.  Each  when  tested  at  the  end  of  eight  days  gave  a  consider- 
able amount  of  ammonia,  showing  the  soil  to  be  in  normal  ammonify- 
ing condition.  The  only  probable  explanation  of  the  absence  of 
ammonia  in  this  instance  is  that  it  was  consumed  by  the  nitrite  or- 
ganisms as  fast  as  it  was  made.  It  appears  also  that  the  nitrite  was 
likewise  consumed  by  the  nitrate  organisms  equally  fast 
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Table  II. — Showing  Nitrification  of  Both  Ammonium  Sulphate  axd 


B 

0 

'A 


B 


lOGO 
19i0 
1911 

1912  \ 

1913  I 
1914 
1909a 
1911a  I 
1918a 


1    ^ 

73 

!i 

a 

i    «a 

2r: 

1          90 

P 

Q 

:  ^ 

Medium. 


Inoculum. 


Kinds. 


GramB. 


Kind. 


Gram8. 


10-30-07 
10-30-07 
10-30-07 
10-^0-07 
10-30-07 
10-«0-07 
10-30-07 
10-30-07 
10-30-07 


I 


Live  soil  16e7 

Live  soil  1687 

I  Live  soil,  plat  10„ 

Live  soil,  plat  10-_ 

I  Live  soil  1867 

I  Live  soil  1867 

Omelianski's  solu. 

Omclianski's  solu. 

Omelianski's  solu. 


400  !_— 

400   .... 

I 

400  I 

400  I.-_ 
400  .— 
400   .-.- 


300  I  Soil  1667 

800     Soil  plat  10  __. 
800     Soil  1867 


Initial  Nitrogen. 


Milli- 
grams. 


FomL. 


210 

(NH,).SO* 

240 

C.S.M. 

240 

(NH«)eSC\ 

210 

C.S.M. 

240 

(NH«).SO« 

210 

as.M. 

127.3 

(NH4).804 

127.3 

(NH4),SO« 

127.3 

(NH0.SO* 

Table  III. — Showing  Failure  to  Nitrify  in 


I 

p. 
s 

2616 
2547 

2518 
2549 


8-21-08 
8-24-08 


8-24-08 
*-24-08  ' 


u 

o  . 

H 


Medium. 


Kind. 


Inoculum. 


Initial  Nitrogen. 


28 

28 


I 


Grams. 


Kind. 


Grams. 


Milli- 
grams. 


Fonn. 


Live  soil  1931a.-.  400 
Live  soil  1931a„..|  100 


28 


Omelianski's  I  877. 12  ,  Suspension  of  10 

solution.  soil  19:^la. 

Omelianski's  ,  377.12     Suspension  of  10  i 

solution.  I  I      soil  lU3Ia. 


240    (NU4)2S04 
240     (NH4;2S04 

160  ;  (NH4)2S04 

160  I  (NH4)2S04 


2550 
2.'x>l 


2552 
2553 


8-21-08 
8-24-08  ' 


8-24-08  I 
8-24-08 


28     Live  soil  1931  b__ 
28     Live  soil  1931b„. 


28  Omelianski's 
solution. 

28  Omelianski's 
solution. 


400 


210     (NH4)2S04 


400       , 240  '  (NH4)2S04 


I 


I  377. 12  I  Suspension  of 
'  I      soil  I9:ilb. 

377. 12     Sus|)ension  of 
,      soil  1113  lb.     , 


10 

10 


160     (NH4)2S04 
160  ,  (NH4)2S04 


Experiment  No,  SJ/., — Three  samples  of  soils  Nos.  1667,  1867  and 
plat  10,  400  grams  each,  were  taken.  The  soils  were  made  to  one- 
third  saturation  with  water  carrying  240  milligrams  of  nitrogen, 
either  as  ammonium  sulphate  or  as  cottonseed  meal.  Simultaneous 
inoculations  were  made  into  Omelianski's  ammonia  solution,  using  5 
grams  of  soil  as  the  inoculum.  All  were  done  in  duplicate.  The 
results  are  given  in  Table  II. 

It  is  noted  in  this  instance  two  of  the  three  samples  failed  utterly 
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Cottonseed  Meal  by  Soil  No.  1867  in  Soil  but  Not  in  Solution. 


Percentage  of  Initial  Nltroger 

Millij 

nrams  Nitrogen  in  100 

cc.  Solution. 

s 

a 

s 
t1 

6'S 

11 

Recovered  as 
Ammonia.   Nitrites.  1  NitraU^s. 

11  1 

I'S  i 

Dial  Re- 
covered. 

Recovered  as 
Ammonia.  Nitrites  Nitrates 

V, 

H 

1 

^ 

H 

1 

1909 

12.20 

S7.80 

87.80 

tr. 

0.00  1 

73.2 

520.8 

52a8 

tr. 

0.0 

1910 

81.50 

18.50 

18.50  1 

tr. 

0.00 

489.0  ; 

111.0 

111.0  , 

tr. 

0.0 

1911 

20.70 

79.80 

79  80 

tr. 

0.00 

124.2 

476.8 

475.8 

tr. 

0.0 

1913 

82.40 

17.00 

17.00 

tr. 

0.00 

494  4  , 

ia5.0 

105.0 

tr. 

0.0 

191S 

1.70 

98.80 

42.10 

tr. 

50.20 

8.8 

808.2 

108.4 

IT. 

224.8 

1914 

7.80 

92.80 

42.10 

tr. 

50.20  , 

29.2 

870.8 

108.4 

tr. 

200.8 

190611 

0.00 
0.00 

tr. 
tr. 

0.00 
0.00 

0  0   .. 
0.0   .. 

1911a 

i 

1913a 

0.00 

tr. 

0.00 

0.0   _ 

1 

.Solution  but  Vioobous  Nitrification  in  Soils. 


Percentage  of  Initial  Nitrogen. 


Milligrams  Nitrogen  in  100  cc.  Solution. 


c 

u 

hi 

Recovered  as 
.\mmonia.    Nitrites. 

Nitrates. 

§•2 

3| 

Recovered  as 
Ammonia.  Nitrites  Nitrates. 

Z 

^ 

u       \ 

H 

' 

2516 

06.52 
07.78 
07.15 

0.84 
l.SO 
0.92  1 

8.38 
8.45 
5.92 

188.0 
185.0 
184.8 

0.7  , 

8.0 
1.8 

0.8 

12517 

as.  98 

73.07 

10.9 

aver. 

53.9 

140.1 

11.8 

2518 

4.98 

95.07 

93.78 
9d.30 
95.07 

0.00 
0.00 
0.00 

0.00 
0.00  ^ 
0.00 

39.8 
40.9 
40.4 

0  0 ; 

0.0 
0.0 

0.0 

2549 

0.0 

aver. 

2.1 

40.4 

0.0 

2550 

— - 

53.91 

0.85 

33.20 



107.8 

1.0 1 

00.4 

2551 

21.88 

78.82 

02.40 
58.18 

0.88  ; 
0.87 

7.39 
20.24 

124.9 
110.8 

1.8 
1.7 

14.0 

aver 

42.7 

157.8 

41.0 

25dfi 

0.12 

98.96 

ft3.0O 
91.88 
93.96 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

39.8 
40.1 
39.9 

0.0, 

0.0 

0.0 

0.0 

25;» 

0.0 

aver. 

2.6 

89.9 

0.0 

to  nitrify  either  in  soil  or  in  solution,  but  that  one  sample,  soil  No. 
I'^^UT,  nitrified  strongly  in  soil,  though  not  at  all  in  solution.  This 
soil  itself  was  known  to  be  nearly  free  from  nitrates. 

Experiment  No.  108, — Two  soils  were  inoculated  in  duplicate 
into  soils,  and  at  the  same  time  in  duplicate  into  Omelianski's  solu- 
tion. The  results  in  Table  III  give  another  instance  of  failure  to 
nitrify  in  solutions,  though  nitrification  in  soil  was  vigorous.  Though 
no  cheeks  were  run,  it  is  known  that  soil  No.  1931  contained  practi- 
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Table  IV. — Showing  Better  Nitriticatiox  ix  Soil 


1 

Date  of  Inocula- 
tion. 

Days  firom  In- 
oculation to 
Analysis. 

Medium. 

Kind. 

1 

Grams. 

1       Inocalum. 

Initial  NitiogeD, 

s 

•a 

Kind 

Qrams. 

Milli- 
flrrams. 

Fonn. 

2046 

2-10-08 

28 

j  Sterile  soil  1867 ' 

890 

!  Soil  1867 

10 

210 

(NH4)2  804 

2«7 

2-10-08 

28 

Sterile  soil  1887 j 

890 

Soil  1867 

10 

240 

(NH4)2SO* 

2048 

2-10-08 

28 

'  Omellanaki's  8olu.__ 

800 

1 

'  Soil  1867 

10 

127.8 

(NH4)2SO« 

2040 

2-10-08 

28 

Wiley's  solution 

800 

,  Soil  1867 

10 

12.78 

(NH4)2S04 

20!^) 

2-10-08 

28 

Extract  of  soil  1867.. 

300 

Soil  1867 

.10 

127.8 

i(NH4)«S04 

2054 

2-10-08 

28 

Omelianski's  soln... 

800 

1  Soil  1867 

.2 

127.8 

(NH4)2SO« 

2055 

2-10^)8   j 

28 

Wiley's  solution  ____ 

aoo 

Soil  1867 

.2 

12. 7R 

(NH4)»S04 

cally  no  nitrate,  and  that  the  nitrate  shown  in  this  table  is  the  result 
of  nitrification  during  the  experiment. 

Experiment  No.  72. — Cultures  w^ere  tested  by  using  soil  extract 
as  a  medium,  to  ascertain  whether  some  deficiency  in  the  chemical 
constitution  of  the  solutions  used,  which  might  not  exist  in  soil  ex- 
tract itself,  was  responsible  for  the  failure  to  nitrify  in  solutions. 

Tests  were  also  made  in  Wiley's  solution^  and  Omelianski's  solution 
using  10  grams  of  inoculum.  The  results  secured  at  the  end  of  four 
weeks  are  given  in  Table  IV. 

The  contrast  is  here  again  strong  between  soil  cultures  Nos.  2046 
and  2047,  which  either  upon  a  basis  of  percentage  of  nitrification  or 
upon  a  basis  of  milligrams  nitrified  per  cc.  of  solution  show^  a  much 
greater  nitrification  than  cultures  in  Omelianski's  solution,  (Xos. 
2048  and  2054),  which  practically  failed  to  nitrify  at  all.  While 
the  percentage  of  nitrification  in  Xos.  2049  and  2055  in  Wiley's  so- 
lution is  high,  this  is  not  significant,  since  the  absolute  amount  of 
nitrates  is  so  small  as  to  be  almost  negligible.  Note  initial  amounts 
of  nitrogen  present.  A  more  nearly  correct  comparison  regarding 
the  nitrifying  pow^er  of  these  samples  is  shown  in  the  last  column, 
indicating  only  slight  nitrification  in  the  liquid  medium.  While 
there  was  nitrification  in  the  soil  extract  Xo.  2050,  it  fell  far  short 
of  that  occurring  in  the  soil  itself.  While  this  experiment,  taken 
alone,  would  tend  to  indicate  that  soil  extract  contains  something 
favorable  to  nitrification  which  is  lacking  in  the  artificial  solutions, 
this  conclusion  is  not  supported  by  other  evidence.  The  conclusion 
that  soil  as  a  medium  furnishes  a  much  more  sensitive  means  for  de- 
tection of  nitrification  than  do  the  usual  solutions,  is,  however,  sup- 
ported by  the  evidence  throughout. 


•Wiley,  Yearbook,  U.  S.  Dept.  Agr.  for  1895,  p.  97. 
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Than  rx  Soil  Extract  ob  in  the  Usual  Culture  Solutions. 


s 

atntes. 

Milligrams  Nitrogen  Per  100 
d             .  «•                  Recov 

1^"    |1  ■    -     - 

c'S    !    S  8      Ammonia.  Ni 

cc.  Solution. 

1 

.  -c    •                Recoyered  as 
5 1      -  -               — 

1  8     Ammonia.  ;  Nitrites.    ^ 

ered  as 
trites.  Nitrates 

2 

H       ' 

t-> 

H 

aM6 

19.00 

81.00             50.50 

0.10  ' 

21.50 

76.0 

824.0 

288.0 

0.0 

8&0 

2M7 

laoo 

S0.00             61.40 

0.00 

25.60 

40.0 

800.0 

257.6  1 

0.0 

102.4 

aver. 

14.50 

I    85.50             61.95 

0.05  ' 

2S.55 

68.0 

842. 0 

247.8 

0.0  '         W.2 

2018 

1.30 

98L80             97.00 

0.00 

1.80 

0.5 

42.0 

41.2  i 

0.0  '          0.8 

2M9 

12.90 

87.10             42.90 

0.00 

44.20> 

0.6 

8.7 

1.8  I 

0.0             1.9 

J060 

5.70 

91.80             81.20 

0.10 

13.10 

24 

40.1 

84.5  ; 

tr.     ,          5.6 

ao&i 

12.20 

'    87.80             87.10 

0.00 

0.70 

5.5 

87.0 

87.0  1 

0.0          tr. 

'J066 

9.701 

100.70            102.80 

0.00  ' 

7.40« 

0.41 

4.7 

4.4 

0.0 

0.8 

1  Excess. 

*  Thist  iierc'cntage  has  sliglit  significance  be<>ause  uf  the  small  amount  of  initial  nitrogen. 

Experiment  No.  12. — Duplicate  cultures  of  this  experiment  were 
analyzed  at  the  end  of  sixty-four  days.  During  this  additional  time 
some  slight  nitrification  had  occurred  in  the  cultures  which  showed 
no  nitrification  at  first  analysis,  but  the  superiority  of  soil  as  a  me- 
dium for  nitrification  is  even  more  apparent  at  the  second  than  at 
the  first  analysis.     (Compare  Tables  IV  and  V,  last  column.) 

Basing  nitrification  upon  the  amount  of  nitrate  produced  per  100 
cc.  of  solution,  it  is  seen  that  the  process  is  sixty-eight  times  as  rapid 
iu  the  soil  water  in  situ  as  it  is  in  Omelianski's  or  Wiley's  solutions, 
and  thirty-nine  times  as  fast  as  it  is  in  an  extract  of  the  same  soil. 

It  seems  clear  from  this  experiment  that  not  only  are  results  of 
four  week  tests  in  solutions,  such  as  those  of  Wiley,  Omelianski  or 
A>hby,  worthless  as  indicative  of  the  nitrifying  powers  of  soils  tested 
by  tliem,  but  that  results  which  are  negative  at  the  end  of  four  weeks 
may  indicate  some  nitrification  if  the  cultures  be  allowed  to  stand  for 
a  longer  time. 

Experiment  No.  73. — To  400  grams  each  of  live  soils  Nos.  1867, 
16t>7  and  2069  were  added  in  the  usual  w^ay  240  milligrams  of  nitro- 
irrii  as  cottonseed  meal. 

Flajikft  of  Omelianski's  and  of  Wiley's  solutions  were  also  inocu- 
laK-d  with  each  of  these  soils.  Determinations  were  made  upon  all 
after  four  weeks'  incubation. 

The  results  are  presented  in  Table  VI. 

In  the  last  column  of  Table  VI  it  is  noted  that  soils  Nos.  1867 
and  2069  gave  a  large  nitrification  in  soil,  but  a  nearly  negligible 
quantity  in  Omelianski's  or  Wiley's  solutions,  while  the  third  soil 
failed  to  nitrify  to  any  extent  in  any  medium. 

4  Digitized  by  Google 
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Table  V. — Showing  Results  of  Nitrificatiox 

~' .      —  --         -  --- 

Medium.  '  Inoculum.  Initial  Nitrogen. 


'1^ 


Kind. 


Grams. 


Kind. 


I  Grams. 


Milli- 
gram's. 


I 


Form. 


2165 

2-10-08  i 

64 

Sterile  soil  1867  ___ 

8«0 

Soill8tf7 

10 

240 

(NH4)2S04 

2166 

2-10-06  1 

64 

Sterile  soil  1867  _._ 

390 

Soil  1867 ' 

1 

10 

240 

(NH4)5S<:>« 

2167 
2168 

2-10-08 
2-10-08 

64 
64 

Omelianskl's         , 

solution. 
Wiley's  solution..' 

300 
300 

Soil  1867 1 

Soil  1867 

10 
10 

127.3 
12.73 

(NH4)aS04 
(NH4)2S04 

2169 
2173 
2174 

2-10-06 
2-10-08 
2-10-08 

64 
64 
64 

Extracts  of  soil 

1867. 
Omelianski's         ' 

solution. 
Wiley's  solution.. 

300    Soil  1867 

800     Soil  1867 ' 

800     Soil  1867 

10 
.2 
.2 

127.3 
127.3 
12.78 

(NH4),S04 

(NH4)aS04 

(NH4)2S04 

a 

>5 


2060 
2067 

2061 
2058 

2062 
2050 

2068 
2064 
2065 
20G6 
2067 
2068 


«  o 


2-13-08  I 
2-13-08 

2-18-08  I 
2-13^08 

2-18-08 
2-13-08 

2-13-08 
2-18-08 
2-13-08 
2-13-08 
1M3-08 
2-13-08 


i 

ca  <* 


1^= 


28 

28 

28 

28 

28 
28 

28 
28 
28 
28 
28 
28 


Medium. 


Kinds. 


Table  VI. — Showing  Nitrification' 
Inoculum.  Initial  Nitrogen. 


I  Live  sou  1867  ._.. 
,  Sterile  soil  1867-. 


Live  soil  1667  __. 
Sterile  soil  1667 . 


Grams.  | 


400   .. 

I 
400  i„ 


Live  soil  2069 —- 
Sterile  80112060  ._ 

Wiley's  solution- 
I  Wiley's  solution. 
I  Wiley's  solution. 
Omelianski's  soL 
Omelianski's  soL 
Omelianski's  sol_ 


400 
400  . 


400 
400  ! 


Kind. 


800  I  Soil  1867  . 
300  '  Soil  1667  . 
300  ,  Soil  2069. 
300  Soil  1887  _ 
300  Soil  1667  _ 
300     Soil  2069- 


'  Milli- 
•   grams. 

I       I 


Form. 


240 


C.S.M.  , 


0. 12     C.  S.  M, 


240  C.  S.  M. 

I      0.12     C.aM. 


240  C.8.M. 

0.12     C.S.M. 


.2  :    12.7  (NH4),S<;)4 

.2       12.7  (NH4),SC>* 

.2  ,    12.7  tNH^  )  s?04 

.2  '  127.  I  (NIl4),Sll4 

.2     127.  (NH4),S04 

.2  !  127.  '  (NH4  )aSl)4 
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Tests  in  Solutions  and  in  Soils  at  64  Days. 


Percentage  of  Initial  Nitrogen. 

j 

Milligrams  Nitrogen  in  100  cc.  Solution. 

s 

3 
'A 

s 

ii 

|8 

Recovered  as 
Ammonia.    Nitrites.    1 

] 

—      1 
Sitratea. 

Unaccount 
ed  for. 

Recovered  as 

Ammonia. '  Nitrites  Nitrates. 

1 

2166 

6.801 

106.80 

3a80 

0.00 

76.00 

27. 2« 

427.2 

128.2  '       0.0 

804.0 

21M 

1.201 

101.20 

28.80  , 

0.00 

77.40 

4.8t 

404.8 

95.2  ;       0.0 

809.6 

aver. 

4.001 

104.00 

27.80 

0.00 

76.70 

16. 0« 

416.0 

109.2          0.0 

806.8 

2167 

8.001 

10B.00 

92.40 

0.00 

10.60 

l.d« 

48.8 

89.8          0.0 

4.5 

2168 

3.40 

96.60 

660 

0.00 

90.001 

0.2    • 

4.1 

0.8          0.0 

8.8 

2160 

4,70 

9a.  80 

77.20 

0.00 

I&IO 

2.0    1 

40.5 

82.8          0.0 

7.7 

2173 

0.901 

106.90 

97.70 

1.80 

9.20 

2.8« 

45.8 

41,4          0.6 

8.e 

2174 

l.flOi 

101.60 

26.40 

tr. 

76.201 

0.1« 

4.3 

1.1        tr. 

8.2 

1  ExcesF. 

•  These  percentages  have  small  significance  because  of  the  small  amount  of  nitrogen. 

IN  Soils,  Xot  in  Solutions. 


Percentage  of  Initial  Nitrogen. 

Milligrams  Nitrogen  in  100  cc.  Solution. 

X 

s 

3 

Total  Re- 
1     coverwl. 

Recovered  as 
Ammonia.   Nitrites.    Nitrates. 

'  Unaccount- 
1      ed  for. 

1 

Total  Re-      , 
covered.    | 

Recovered  an 
Ammonia.  Nitrites'  Nitrates 

amo 

" 

155.6 

244.4 

14.0 

0.0 

230.4 

aos7 

0.4 
158  0 

2.4 
242.0  ; 

2.4 

11.6 

0.0 
0.0  ' 

1.6 

net 

89.90 

60.10 

2.90 

0.00 

67.20 

228.8 

2061 

1 

818.0 
1.0 

82.0  ! 
1.0 

78.4 
0.6 

0.0 
0.0 

8.6 

206B; 

_^__ 



0.4 

net 

79.75 

20.25 

10.45 

0.00 

0.80 

819.0 

81.0 

77.8 

0.0  1 

1 

8.2 

2082 



260.0 

140.0 

38.6 

6.4' 

106.4 

2069 

_J 



1.8 

0.7 

O.S 

0.0 

0.4 

net 

65.18 

8t.82 

8.82 

1.60 

24.90 

260.7 

139.3  ' 

88.8 

6.4 

99.6 

206B 

41.00 

50.00 

0.00 

8.60 

50.001 

1.8 

2.5 

0.0 

0.2  ' 

2.6 

2064 

41.90 

56.10 

33.00 

0.00 

25.101 

1.8 

2.5 

1.4 

0.0 

1.1 

2065 

50.10 

49.90  j 

89.00 

tr. 

10.801 

2.2 

2.1  . 

1.7 

tr. 

0.4 

2066 

6&10 

44.90 

40.90 

0.20 

4.00 

28.4 

19.1 

17.4 

tr. 

1.7 

2067 

61.40 

88.60  : 

1 

87.60 

tr. 

1.00 

26.1 

16.4 

16.0 

tr. 

0.4 

2008 

50.90 

49.10 

48.10 

tr. 

11.00 

21.7 

20.8 

20.4 

tr. 

0.4 

1  Not  significant  on  account  of  the  very  small  amount  of  initial  nitrogen. 
*  C.  8.  M.— Cottonseed  Meal. 
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Table  VII. — Showing  Nitbificatiox  in 


i 

<• 

i 

Medium. 

iDocnliim. 

Initial  Nitrogen. 

a 

3 

§ 

Pi 

_ 

1       ' 

?; 

•2       1 

f^r^ 

1 

B 

¥: 

o  . 

Kind. 

Grams. 

Kind.         .  Grams. 

Mill!    1        p^™ 

2025 

2-10-08  : 

14 

Sterile  soil  1887 

490 

80111887 1 

10 

120       Peptone. 

2026 

2-10-08 

14 

Sterile  sou  1867 

490 

Soil  1867 

10 

120        C.  S.  M. 

2027 

2-l(M» 

14 

Peptone  water 

200 

Soil  1867 

1 

10 

60       Peptone. 

2028 

2-10-08 

14 

C.  S.  M.  water 

200 

Soil  1867 

10 

60        C.  S.  M. 

Table  VIII. — Showing  Influence  of  Number 


I 
a 


1962  ' 

1968  ! 
1964 
1965 

1966  I 

1967  ' 


s 


12-2-08  j 

12-2-08 

12-2-08 

12-2-08 

12-2-08 

12-2-08 


Medium. 


Kind. 


28        Sterile  soil  1867  . 


Inoculum. 


Initial  Nitrogen. 


iGramK 


Kind. 


Sterile  soil  1867  „_ 
Sterile  soli  1867  ___ 
Sterile  soil  1867  _„ 

28      i  Sterile  soil  1867  __. 

28      I  Live  soil  1867 


Grams. 


Mllli- 
gnsos. 


Form. 


890  I  Soil  1867 10,  240  (NH4),S04 

850  j  Soil  1867 50  240  (Nn«)«S04 

300  Soil  1867 100  240  (NH4),S04 

200  !  Soil  1867 j   200  240  (NH4)«S04 

400  1 ,  240  iKH4),S04 

400! 240  (NH4)»S04 


Making  proper  allowance  for  the  very  small  quantity  of  initial 
nitrogen  in  Omelianski's  and  Wiley's  solutions,  the  same  conclusion 
is  reached  from  the  percentage  of  nitrogen  recovered  as  nitrates. 
Two  of  the  soils  could  nitrify  vigorously  in  soils  but  only  slightly  in 
solutions. 

Experiment  No,  G9a, — Four  cultures  were  made;  two  in  soil*?, 
one  with  peptone  and  one  with  cottonseed  meal ;  two  in  solutions,  one 
with  peptone  and  one  with  cottonseed  meal.  They  were  inoculated 
in  parallel  w^ith  the  same  bacterial  suspensions  from  soil  Xo.  1867. 
Analysis  on  the  fourteenth  day  gave  the  results  shown  in  Table  VII. 

While  nitrification  progressed  to  a  marked  extent  in  both  soil  cul- 
tures, the  solutions  gave  no  reaction  with  diphenylamin.  Though  no 
checks  were  run  with  this  test  to  determine  the  amounts  of  nitrates 
in  these  soils,  our  constant  experimentation  with  them  and  frequent 
analyses  assure  us  that  there  was  barely  a  trace,  or  no  nitrate  at  all, 
present  in  the  soil  when  the  experiment  was  set  up.  The  amount 
shown  by  the  analysis  is  due  to  nitrification  during  the  experiment. 

Experiments  56  and  57. — It  seemed  possible  that  the  amount  of 
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14  Days  in  Soils,  Not  in  Solutions. 
Percentage  of  Initial  Nitrogen. 
Recovered  a» 


P«2 


2085 
X26 
20S7 


61.00  4a.40 

66.80  88.70 

29.60  70.40 

61  70  88.80 


Ammonia. 

1L20| 
2.80 
7a  40 
88.80 


Nitrites.   Nitrates. 


1.50 
1.60 
0.00 
0.00 


Milligrams  Nitrogen  in  100  cc.  Solution. 


i^  I  it 

p         hi 


Recovered  as 


I  Ammonia.  'Nitrites  Nitrates. 


87.20 

108.2 

06.8 

80.90 

182.6 

9IA 

0.00 

8.9 

21.1  ' 

0.00 

18.5 

U.5  ! 

22.4 

5.6  ! 
21.1  ' 

11.5 ; 


8.0 
8.0 
0.0 

0.0 ; 


74.4 
61.8 
0.0 
0.0 


OF  Bactebia  Upon  Rapidity  of  Nitrification. 


Percentage  of  Initial  Nitrogen. 


Milligrams  Nitrogen  in  100  cc.  Solution. 


5 

55  •-. 


i  ■  A 


Recovered  as 


3o 

H 


Ammonia.  •  Nitrites. 


I 


1868     29.90  71.10 

1964  84.20  65.80 

1965  21.40  78.60 

1966  4.601  101.60 

1967  S1.20  6B.80 

lExcesn. 


60  90  ! 
58.20  , 
42.70  i 
44.10 
12.60 
68. 60' 


Nitrates. 


1^ 


0.20 
0.20 
0.20 
0.20 
0.20  I 
0.20  I 


I 
lost.      

17.90  ;  116.6 

28.10  I  136.8 

84.50  85.6 

91.80  17.61 

0.00  '  124.8 


I 


So 

r 


284.6  : 
263.2 
314.4 
417.6 
275.2  I 


Recovered  as 


Ammonia. ; Nitrites  Nitrates. 


I 


248.6  I 

212.8 : 

170.8  ' 
176.4 
50.4 
274.4 


0.8  ;  lost. 

0.8  j  71.6 

0.8  I  97.4 

0.8  138.0 

0.8  367.2 

0.8  '  0.0 


inoculum  used  might  be  an  important  factor  in  determining  the 
amount,  or  at  least  the  rapidity,  of  nitrification  in  early  stages  of 
incubation.  To  throw  light  upon  this  point,  parallel  cultures  were 
made  by  mixing  the  same  soil,  sterile  and  alive,  in  different  propor- 
tions, thus  varying  practically  only  one  factor,  the  quantity  of  live 
organisms  present  Experiment  56  consisted  of  such  a  series  with 
nitrogen  supplied  in  the  form  of  ammonium  sulphate;  experiment 
T)?,  with  nitrogen  in  the  form  of  cottonseed  meal. 

The  results  are  given  in  Tables  VIII  and  IX. 

In  Table  VIII  there  is  shown  a  remarkably  regular  increase  in 
nitrification  as  the  quantity  of  inoculum  increases.  In  Table  IX, 
where  cottonseed  meal  was  used,  if  the  third  result  be  disregarded, 
the  same  relation  holds  true.  The  discrepancy  in  the  behavior  of 
soil  No.  1970  is  inexplicable,  but  it  probably  does  not  vitiate  the 
general  conclusions  supported  by  these  two  experiments,  viz,  that 
with  increase  in  the  inoculum  there  is  nearly  a  corresponding  in- 
crease in  the  total  amount  of  nitrification  at  the  end  of  four  weeks. 

When  tests  of  nitrifying  power  are  made  in  thepS^i|^|t^el^^f|dd- 
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Table  IX. — Showing  Influence  of  Quantity  of  Bacteria 
I      I     ^         I    tf  Medium.  >  Inoculum.  Initial  Nitrogen. 


8 


«! 


£S 


Mini- 


ai    ■    5      , 


Oa  ®a     I  Kind.  Grams.  Kind.  Grams,   jjii'^*;         Form. 

I 


0       1       S  o  S  o     I  I  " 


H 


1968  12-5-08  28     Sterile  soil  1867. __  880  8oil  1867 10  240  C.S.M. 

1069  12-^-08  28     Sterile  90ill867___  850  Soil  1867 50  240  C.S.M. 

1970  I    12-5-08  1  28  '  Sterile  soil  1867._.  800  Soil  1867 100  240  C.&M. 

1971  12-^3-08  28     Sttrile soil  1867-.J  200  Soil  1867 '       200  i  240  C.S.M. 

I  '  '  ' 

1972  12-^-08  28  !  Live  soil  1867 400  210  C.8.M. 

1978  '    12-^-08  28     Sterile  soil  1867—  400  240  C.aM. 


Table  X. — Showing  no  Nitrification  in  Solutions 

^  es  3?        '  Medium.  Inoculum.  Initial  Nitrogen. 

J5  g  -2       ! 

I  I  II 

•2  I      Op  \    ?a  Kind.  Grams.  Kind.  Grems,  jJiJi*;  Form. 

2-  I       oj  o  g  o  grams, 

c5g  Q  '    P         I 


r 


_    ■       _    I  

1974  12-12-<y7  28    {vftter*^**"  '^"     200*  ^  ,}^"  ^^ ^'^  860  C.S.M. 

1975  12-12-07"  28    { water  **"^^".    200       }So"  186^ 100  360  C.S.M. 

1976  12-12-07  j  28    |^!j;f^j^^^*^-—     ^       J 860  C.S.M. 

1977  12-12-07  28    { Water  fl*!  ^^  "     ^* *.} Soil  1867 0.5  360  (NH4)tSO| 

1978  12-12-07  28    {fvtter  .*!**! A^"i    200       }  Soil  1867 100  360  (NH4),S04 

1979  :  12-12-07  I  28'{^y*J^,«^Jl|f^---     gg      j} 360  (NH4),S04 


ing  the  material  to  be  nitrified  directly  to  the  soil,  it  is  evident  that 
there  is  initially  a  much  larger  number  of  organisms  than  when  200 
milligrams  or  even  10  grams  of  tlie  soil  are  used  as  an  inoculum.  AVe 
may  regard  tlie  direct  soil  tests  in  our  work  as  having  the  equivalent 
of  an  inoculum  of  400  grams. 

The  idea  that  increase  in  the  quantity  of  the  inoculum  brings  in- 
crease in  nitrification  arouses  the  suspicion  that  perhaps  the  low  nitri- 
fication, or  entire  failure  to  nitrify,  found  by  the  Ashby^  method  with 
an  inoculum  of  only  200  milligrams  of  soil,  may  be  due  to  the  small- 
ness  of  the  inoculum  used. 

Experiment  No,  58. — This  experiment  was  set  up  to  test  this  lat- 


>Jour.  Chem.  Soc.  85,  1158.  ^  j 
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Upon  Rapidity  of  Nitrification  of  Cottonseed  Meal. 


Percentage  of  Initial  Nitrogen. 

Milligramb  Nitrogen  in  100  cc 

.  SoluUon. 

i 

55 

a 
78.20 

2».g0 

Re 
Ammonia. 

uovered  as 
Nitrites 

tr.  1 

Nitrates. 

Unaccount- 
ed for. 

i 

Recovei 
Ammonia.  Nit 

red  a 

rites. 

tr.  1 

s 

Nitrates 

1968 

17.50 

0.80 

804.8  1 

95.2 

70.0  1 

25.2 

1909 

70.10 

29.90 

13.80 

tr.  ' 

16.00 

280.4  ' 

119.6 

68.2 

tr.  1 

66.4 

1970 

74.50 

25.50 

22.40 

tr.  : 

8.10 

298.0 

102.0 

89.6 

tr.  ■ 

12.4 

1971 

00.20 

89.80 

4.90 

tp.  • 

84.90 

240.8 

150.2 

19.6 

tr.  ' 

139.6 

m2 

53.00 

47.00 

0.00 

tr. 

47.00 

212.0 

188.0 

0.0 

tr. 

188.0 

1973 

97.50 

2.50 

0.00 

tr.  1 

2.50 

890.0 

10.0 

0.0 

tr. 

10.0 

C.  S.  M.-  Cottonseed  Meal. 
Even  When  Very  Large  Inocut.um  was  Used. 


Percentage  of  Initial  Nitrogen. 


Milligrams  Nitrogen  in  100  cc.  Solution. 


s 


I 


1974  70.00  29.40 

1975  48.90  51.10  1 

1976  78.30  21.70 

1977  45.40  51.60 


Recovered  as 
Ammonia.    Nitrites.    Nitrates. 

29.40  I         0.00  0.00 

51.10         tr.       '         0.00 


li      «1 


¥ 


Recovered  as 


Ammonia.  Nitrites. Nitrates. 


21.70 
54.60 


0.00  ;         0.00 
0.00  0.00 


97.8  ^  40.7 
67.7  70.8  I 

106.4  80.1 

62.9  75.6 


40.7 


0.0 


0.00  ,    lORt         lost 

i 

0.00  i      60.0        78.5  ' 

I  i 


70.8  !  tr. 
80.1  ,       0.0 
75.6  I       0.0 

lost  lost 

78.5  tr. 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


1978  lost        lost  lost  lost 

1979  48  20      56.80,  56.70         tr. 
C.  &  M.— Cottonseed  Meal. 

ter  point:  to  determine  whether  the  failure  to  nitrify  in  sohitions 
can  fairly  be  attributeil  to  tlie  smallness  of  the  inoouhiin  used. 

A  series  of  tests  was  made  in  solutions,  varying  the  amount  of 
inoculum.  In  order  to  maintain  conditions  as  nearly  parallel  as 
possible,  the  quantity  of  soil  used  in  each  case  was  the  same,  larger 
or  smaller  amounts  of  it  being  sterilized  to  give  the  desired  variations 
in  the  number  of  live  organisms  present. 

Thus  in  soil  Xo.  1974,  399.5  grams  of  sterile  soil+0.5  gram  of  the 
same  live  soil  were  used,  while  in  Xo.  1979,  0  grams  of  sterile  soil^- 
400  grams  of  live  soil  were  used.  The  other  numbers  gave  interme- 
diate conditions.  Solution  sufficient  to  cover  the  soil  to  a  depth  of 
2.ri  cm.  was  employed  in  each  case,  the  ^^olntion  al^^o  carri(  d  uitrogeu 
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Table  XI. — Showing  Failubb  to 
Nitrogen  240  Mgs.  as  Ammonium  Sulphate. 


I '  I  1 

Si  a      \ 

-  -    -i  --     I 

2621  I  9-10-08  I 

2622  '  9-10-06  | 


262S    '    9-10-06 


2621  9-10-06 

I 

2627  9-10-08 

2628  9-10^  , 
I 

2629  9-10-08 

2680    ,  9-10-06  , 

2631  0-10-06  I 

2632  I  9-10-08  ! 

2635  9-10-08 

2636  ,  0-10-08  , 


a 

mis  S 

1-^ 


Medium. 


28 


28 


28 


28 


28 


28 


28 


28 


28 


28 


Kind. 


(Sterile  soil  1549 ! 

( Water  to  %  saturat'n 

(Sterile  soil  1549 ' 

;  \  Water  to  %  saturat'n . 

1  /Sterile  soil  1540 : 

(Water to  saturat'n 

i  /Sterile soil  1549 

(  Water  to  saturat'n 

I  I 

/Sterile  soil  1788 ' 

,  \  Water  to%  saturat'n 

,  /Sterile  soil  178B 

I  \  Water  to  %  saturat'n  , 

.  /Sterile soil  1788 

I  Waterto  saturati'n    ' 

I  /Sterile soil  1788 \ 

(Water to  saturatl'n 

!  /Sterile  soil  1931 I 

'  (  Water  to  14  satutat'n  , 

/Sterile  soil  1931 

( Water  to  %  saturat'n  , 

j  ( Sterile  soil  1931 I 

■  (  Water  to  !»aturation__! 

'  (Sterile  soil  1931 

( Water  to  saturation—' 


InoCHlum. 


Amount.  I  Kind.  '  Amount. 

400    Suspension  of ! )  m 

60  ■  Soil  number  1807  _..  /  *" 

400    Suspension  of )  ,„ 

60     Soil  number  1867— .  >  *" 

400     Suspension  of )  m 

100  I  Soil  number  1807  _..  j  ^^ 

400    Suspension  of 1  ,« 

100    Soil  number  1867  ___  /  *" 

400    Suspension  of )  .^ 

100     Soil  number  l«e7 /  *" 

400     Suspension  of. >  ,« 

100  I  Soil  number  1867  _._  >  *" 

400  !  Suspension  of. (  ,* 

144     Soifnumber  1867 /  ^^ 

400  '  Suspension  of !)  ,« 

144     Soil  number  1887 /  ^" 

400     Suspension  of- |  ,rt 

60    Soil  number  l«r7  ...  /  '" 

400     Suspension  of )  ,,. 

60  I  Soil  number  1867  ___  /  *" 

400     Suspension  of. )  ,« 

180     Sollnumber  1867  _..  /  ^" 

400  '  Suspension  of )  ,« 

180     Soil  number  1867  ...  j  '" 


at  the  rate  of  240  milligrams  per  400  ec.  The  culture  was  frequently 
shaken,  sampled,  and  tested  by  diphenylamine  with  negative  results. 
At  the  end  of  four  weeks,  analysis  was  also  made  with  still  no  nitrifi- 
cation, as  is  shown  in  Table  X. 

A  comparison  of  those  results  with  those  of  experiments  56  and 
57,  w^hieh  were  inoculated  with  the  same  soils,  brings  out  again 
clearly  the  failure  of  tlie  soil  to  nitrify  at  all  in  the  solutions,  al- 
though the  same  soil  can  nitrify  vigorously  in  the  same  period,  as  is 
shown  by  actual  soil  tests. 

Experiment  Xo.  58  demonstrates  conclusively  that  the  differences 
existing  between  results  of  cultures  in  soils  and  in  solutions  are  not 
to  be  explained  by  the  differences  in  the  quantities  of  inoculum  used. 

Experiment  211. — It  being  demonstrated  that  the  water  relation 

is  a  very  important  one  as  regards  nitrification,  and  that  nitrification 

proceeds  not  at  all,  or  very  slightly  in  solutions,  during  the  time  of 

our  experiments  with  the  soils  under  consideration,  but  vigorously  in 

the  soil  itself,  it  became  desirable  to  determine  whether  nitrification 

can  proceed  in  saturated  soils  as  well  as  in  those  of  less  w^tpr  con- 
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Percentage  of  Initial  Nitrogen. 


Milligrams  Nitrogen  in  100  cc.  Solution. 


I 

2621 


1^ 


Recovered  as 


I- 


aver.     60.52 


2624 

I 
AVer.; 

2827 

2628  I 
I 

aver. 

2629  * 

2690 

t 
aver. 

2631 

2662 

aver. 

2665  I 


aver.     55.44 


49.48 


Ammonia.    NitrlteB.  Nitrates.      S 


I 


h 

ti  i 

h 

3| 

P 

H 

48.80  I    51.70 


57.08 

42.94 

89.67 

.  60.38 

28.76 

76.24 

44.56  , 


24.51 
24.09 
24.80 
50.41 
62.79 
51.60 
16.80 
22.41 
19.60 
63.02 
57.42 
60.22 
85.01 
26.01 
80.51 
48.41 
45.51 
44.46 


2.25  > 

I 

8.87  i 

I 
2.81 

0.10 

a  10 

0.10 
0.25 
0.37 
0.31 
0.10 
0.12 
0.11 
0.28 
0.23 
0.23 
0.10 
0.10 
0.10 


24.29 

26.06 

25.18 

0.00 

0.00 

0.00 

23.82 

22.86 

23.33 

0.00 

0.00 

0.00 

44.79 

46.67 

45.78 

tr. 

tr. 

tr. 


202.1 

197.9 

116.5 

123.5 

1 

134.9 

108.1 

66.2 

100.5 

84.0 

316.0 

73.9 

59.4 

Recovered  as 

Ammonia.  Nitrites  Nitrates 

98.0. 

9.0 

97.2 

96.4 

18.6 

104.8 

97.2  1 

11.8 

100.7 

121.0 

0.8 

0.0 

125.4 

0.8 

0.0 

123.2 

0.8 

0.0 

40.3 

0.6 

57.2 

58.8 

0.9 

54.8 

47.1 

0.8 

56.0 

106.0 

0.2 

0.0 

95.7 

0.2 

0.0 

100.3 

0.2 

0.0 

140.0 

0.9 

179.2 

126.4 

0.9 

186.7 

188.2 

0.9 

182.8 

57.9 

0.1 

tr. 

60.7 

0.1 

tr. 

69.8 

0  1 

tr. 

tent.  To  this  end  cultures  in  three  different  soils  were  prepared, 
some  bearing  water  to  one-third,  two-thirds,  and  some  to  complete 
saturation.  The  cultures  were  inoculated  with  a  suspension  of  soil 
Xo.  1867. 

The  results  are  given  in  Table  XI. 

It  is  seen  that  there  was  no  trace  of  nitrification  in  the  saturated 
S4^>il  in  tlie  case  of  two  soils  and  only  a  trace  with  the  other  soil,  though 
nitrification  proceeded  well  in  all  soils  when  of  two-third  or  one- 
third  saturation. 

In  order  to  have  a  still  more  crucial  test  of  nitrifying  activity  in 
soil  as  compared  with  that  in  solution,  two  portions  of  Omelianski's 
solution  were  prepared  in  the  usual  way,  inoculated;  one  lot  was 
incubated  as  a  solution,  the  other  portion  was  absorbed  by  sterile 
soil  of  such  quantity  as  to  render  the  culture  about  two- thirds  satu- 
rated. Also  an  extract  of  soil  with  ammonium  sulphate  added  to  it 
in  the  usual  quantity  was  inoculated  and  simiJarly  mixed  with  soil. 
Suitable  control  cultures  were  set  up.  The  results  are  given  in 
Table  XII.  Digitized  by  >^uuy  it: 
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Table  XII. — Showing  Amount  of  Nitbificatiox  in  Solutiox 
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2084 
20851 


20371 
2089 


1  ^ 


2-3-08  ' 
2-3-08  1 
2^3-08  1 
2-8-08  I 

2-3-08  ' 
2-«-08  1 


Medium. 


Inoculum. 


Initial  Nitrogen. 


Kind. 


I  Grams. 

I 


Kind. 


28  Omelianski'6  sol— 

28  Sterile  soil  1867_._l 

28  Exfctofsolll887J 

28  Ext'ctofsoill8e7_ 

28  I  Sterile  noil  1887- 
28     Sterile  soil  1867-. 


240     Soil  1887.. 

400     Soil  1867.. 

210     Soil  1867-. 

Soil  1867-. 


240 


400 
400 


Soil  1867.. 
Soil  1867- 


Grams. 


Milli-  I 
grams. 


FoniL 


10 

101.8 

(NH4),804 

5; 

50.9 

(NH4)«S04 

10 

101.8 

(NH4)i804 

10 

101.8 

(NH4)tS04 

i 
5 

50.9 

(XH4)«S04 

5 

50.9 

(NH4)tS04 

Table  XIII. — Showing  Nitrification  by 
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Medium. 


Kind. 


Grains.; 


Inoculum. 


Initial  Nitrogen. 


Kind. 


«'*«>«■   ^s.         ^o^- 


28  I  Sterile  soil  1867___i 
28    Sterile  soil  18tf7 i 


28  I  Ext'ct  of  soil  1867_ 


390     Percolator  ef- 

I      fluent 10      240 

890    Percolator  ef- 
fluent    10  I    240 

800  '  Percolator  ef-  i 

,      fluent !         10      127.8    (NH4),S)4 


(NH4)tS04 

(NH4)«1?<»4 


It  is  seen  from  the  first  two  numbers  that,  making  proper  allow- 
ances for  the  results  of  the  control  cultures,  nitrification  was  vastly 
greater  in  the  solution  absorbed  by  soil  than  in  the  same  solution  not 
so  absorbed,  a  conclusion  which  is  clearly  justified  either  by  basing 
nitrification  upon  a  per  cent  basis  or  on  the  amount  of  nitrate  pro- 
duced per  100  cc.  of  liquid  in  the  medium. 

XiTRiFYixo  Sewer  Orgaxisms. 

Small  quantities  of  nitrifying  earth  from  the  sewer  beds  of  Law- 
rence, Mass.,  were  obtained  through  the  kindness  of  Dr.  Stephen 
DeM.  Gage.  These  samples,  thrown  into  ammonium  sulphate  solu- 
tion, nitrified  vigorously  from  the  start  A  quantity  of  finely  ground 
coke  was  placed  in  a  percolator,  inoculated  with  t.|iij  ^n^trjj^ng  sewer- 
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AND  IN   THE   SaME  SOLUTION  ABSORBED  BY  SOILS. 

*  Percentage  of  Initial  Nitrogen.  llilligrams  Nitrogen  in  100  cc.  Solution. 
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a 

u 

ki 

Recovered  as 
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sl 
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§•8 

^8 

Nitrites. 

Nitrates. 

V 

Ammonia. 

Xitritcb  Nitrates. 

2064 

21.60 

78.40 

58.50 

tr. 

24.90 

9,2 

838 

22.7 

tr. 

10.6 

20S5 

I4.01t 

114.00 

0.00 

0.00 

114.00 

6.0« 

48.6 

0.0 

0.0 

48.5 

2086 

37.20 

62.80 

47  20 

1.60 

14.00 

16.6 

26.0 

20.0 

0.7             6.0 

2088 

96.70 

4.80 

0.00 

0  40 

8.90 

40.8 

1.7 

0.0 

0.2             1.7 

net 

1.20 
0.00 

IClO 
111.60 

0.5             4. 

2087 

11.60B 

111.60 

0.00 

4.9 

47.4 

00 

0.0           47.4 

2089 

68.50 

41.50 

19.80 

0.00 

21.70 

24.9 

17.6 

8.4 

0.0             9.2 

net 

0.00 

88.90 

0.0           38.2 

Un  2035.  120  cc.  of  Omellanski's  solution  were  inoculated  with  5  g  of  wil  lH67and  then  poured 
over  4U0  g  of  sterile  soil.  In  20(17, 120  cc.  soil  extract  4-  ammonium  sulphate  were  inoculated  and 
then  poured  on  soil  in  s'milar  manner. 

I  Excess. 

Sewer  Organisms  in  Soil  and  in  Solution. 


c 

is 

Percentage  of  Initial  Nitrogen. 
^.g*                   Recovered  as 

Kg              --           -- 
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'Urates. 

ered  as 
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2061 

10.60 

89.40 

80.50 

0.00 

8.90  ; 

42.4    ;    357.6 

S22.0 

0.0           86.6 

2062 

10.60 

80.40 

78.60 

0.00 

6.90 

1 
78.4    1    821.6 

294.0 

0.0           27.6 

aver 

I&IO 
1.801 

84.90 
101.80 

0.00 
0.00 

7.90 : 

16.80  ! 

60.4        839.6 
0.81  i      48.8 

309.0 
36.8 

0.0           81.6 

2053 

86.60 

0.0             6.5 

1  Excess. 

Ixd  material  and  ammoniacal  solution  poured  through  it  once  or 
twice  daily.  In  this  manner  the  coke  of  the  percolator  soon  came 
to  a  still  more  vigorous  nitrifying  condition. 

The  effluent  from  this  percolator  formed  excellent  inoculating  mn- 
terial  for  nitrification. 

Experiment  No.  72. — Inoculations  were  made  into  soil  and  into 
soil  extract  with  the  nitrifying  effluent  from  the  coke-filled  percolator 
iK'aring  the  sewer  organisms.  The  cultures  were  analyzed  at  the  end 
of  twenty-eight  days  with  the  results  shown  in  Table  XIII. 

These  cultures  nitrified  more  vigorously  in  solutions  than  any  cul- 
tures heretofore  examined,  and  more  vigorously  than  any  of  the  soils 
among  the  many  that  we  have  tested  during  the  past  two  year?.  Not 
only  this,  but  basing  the  nitrification  upon  the  numb^rzeofy  p^sama^^ife 
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Table  XIV. — Showixo  Failure  of  Pcbe 

Nitrogen  240  Mg8.  as  Ammonium  Sulphate. 
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00 
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400 
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Organism  {jf^::::_  |- 

Organism  {^^^::"-_  \ 


Organism  {jf^-"::  } 
Organism  {^'—'  } 


Ice 


Ice. 


Ice. 


Ice. 


nitrogen  in  the  medium,  it  is  seen  that  there  \ras  a  larger  per  cent  of 
nitrification  in  the  solution  than  in  the  soil  culture,  a  condition  which 
is  also  without  parallel  in  our  experiments  with  cultures  inoculat^Ml 
with  soils. 

In  numerous  tests,  this  sewer  culture  has  proved  a  vigorous  nitri- 
fier  in  ammoniacal  solutions  of  various  compositions;  it  also  nitrifies 
well  in  soil. 

Here  then  is,  evidently,  a  nitrifying  organism  or  group  of  nitrify- 
ing organisms,  differing  radically  in  physiological  relations  from 
those  usually  found  in  soils  here,  in  that  it  can  nitrify  even  better 
in  solutions  than  in  soils. 

Test  With  Pure  Cultures. 

ExpeHment  210, — Tests  of  nitrification  in  the  presence  of  dif- 
ferent amounts  of  water  were  also  made,  using  as  the  inoculum  1  cc. 
each  of  cultures  of  pure  nitrite  and  nitrate  forming  organisms*  iso- 
lated by  the  Stevens-Temple  silicate  medium." 

The  results  of  this  experiment  are  given  in  Table  XIV. 

Here  again  there  was  large  nitrification  in  soil  cultures  of  one-third 
saturation,  but  no  nitrification  in  the  saturated  soils. 

This  result  is  particularly  significant  in  that  it  shows  that  the 
failure  to  find  nitrates  in  solution  and  in  very  wet  soils  is  in  no 
way  due  to  their  reduction  or  destruction  otherwise  by  organisms 
accidentally  present. 

^  These  cultures  were  pure  in  the  sense  that  Winoj^radsky  used  the  term.  i.  e., 
they  would  not  render  bouillon  turbid,  and  they  formed  nitrite  or  nitrate  respec- 
tively from  appropriate  lower  nitrogen  compounds. 

«  A  convenient  mode  of  preparing  Silicate  Jelly  Cent.gfrzB^kIfl§fe^§W908.  84. 
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Basis  fob  Compabison. 

It  is  difficult  to  determine  what  is  the  most  useful  basis  for  com- 
paring bacterial  activity  in  soils  with  the  activity  of  bacteria  in  solu- 
tions, whether  to  base  the  comparison  on: 

(1)  The  per  cent  of  nitrogen  originally  present  that  is  converted 
into  some  other  form  of  nitrogen,  or 

(2)  To  compare  the  number  of  milligrams  of  nitrogen  converted 
IK  r  cubic  centimeter  of  solution  with  the  number  of  milligrams  of 
nitrogen  per  cubic  centimeter  of  soil  water  so  converted,  or 

(3)  To  compare  the  number  of  milligrams  of  nitrogen  converted 
per  cubic  centimeter  of  solution  with  the  number  of  milligrams  of 
nitrogen  converted  per  gram  of  moist  soil. 

To  compare  the  percentages  of  original  nitrogen  converted  in  two 
iliiferent  media,  one  weak  and  the  other  strong,  as  in  Kos.  2049  and 
L'055  (see  Table  IV),  is  manifestly  an  unfair  measure  of  the  nitri- 
fying power  of  the  cultures,  since  a  very  weak  nitrifier  might  bring 
about  a  nitrification  of  nearly  100  per  cent  in  the  weak  medium, 
while  a  very  vigorous  nitrifier  might  nitrify  to  less  than  40  per  cent 
in  the  more  concentrated  medium.  In  such  instances,  a  comparison 
of  the  number  of  milligrams  of  nitrogen  converted  per  gram  of  me- 
dium or  per  cc.  of  liquid  present,  is  more  significant,  though  this 
comparison  would  also  be  improper,  if  the  nitrification  reached  such 
an  amount  in  the  weaker  medium  as  to  justify  the  belief  that  cessa- 
tion of  nitrification  was  caused  by  lack  of  suitable  material  to  work 
upon. 

The  nitrifying  organisms  undoubtedly  live  and  function  in  the 
moisture  in  the  soil,  so  that  from  the  viewpoint  of  gjjyg^ljg^^^^ 
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activity  of  the  organisms,  the  second  method  mentioned  above  seems 
most  useful.  This  method  of  comparison,  however,  probably  tends 
to  exaggerate  the  value  of  the  changes  occurring,  and  from  a  prac- 
tical viewpoint,  a  comparison  by  the  third  method  is  probably  the 
most  serviceable,  since  it  pictures  approximately  the  relative  nitrify- 
ing power  of  two  cultures  of  equal  weight.  Each  comparison  has  its 
special  uses,  and  to  enable  the  readers  to  make  such  comparisons  as 
are  desired,  data  are  given  to  admit  of  the  use  of  each  of  the  com- 
parisons suggested. 

A  comparison  of  nitrification  in  soils  with  nitrification  in  solutions 
is  probably  of  very  little  significance  except  for  the  special  purpose 
of  this  present  article,  unless  some  relation  can  be  established  show- 
ing that  the  vigor  of  nitrification  in  a  certain  solution  can  be  taken 
as  an  index  of  the  nitrifying  vigor  of  the  soil  used  to  inoculate  the 
solution. 

General  Considerations. 

The  evidence  of  the  tables  presented,  together  with  the  results  of 
numerous  other  experiments  during  our  experience  of  the  last  two 
years,  forces  the  conclusion  that  not  all  soils  which  can  bring  about 
vigorous  nitrification  of  ammonium  sulphate  and  cottonseed  meal  in 
soils  in  four  weeks  can  nitrify  in  solutions  during  that  time.  Nu- 
merous instances  show  that  among  the  natural  soils  of  this  locality 
few  or  none  can  cause  nitrification  in  solution  in  four  weeks,  if  at  all. 
It  is  established  also  that  some  of  these  soils  which  cause  nitrification 
not  at  all  or  slightly  in  Omelianski's,  Ashby's,  Wiley's,  or  other  am- 
moniacal  solutions,  can  still  nitrify  vigorously  as  soils.  It  is  also 
brought  out  that  the  failure  to  nitrify  is  not  due  to  the  fact  that  a 
small  inoculum  is  used  in  solution,  since  in  the  experiments  given  in 
detail  there  was  no  nitrification  even  when  400  grams  of  the  live  soil 
were  used  as  an  inoculum,  and  repeated  experiments  have  also  shown 
that  the  presence  of  water  to  or  above  the  point  of  saturation  inhibits 
nitrification  with  the  soils  here  used.  Xotwithstanding  this  fact, 
sewer-bed  soil  nitrified  as  w-ell  in  solutions  as  it  did  in  soils. 

From  these  facts,  it  seems  that  no  trustworthy,  reliable  evidence 
as  to  the  actual  nitrifying  power  of  a  soil  can  be  gained  by  inocula- 
ting the  soil  into  solutions  in  the  usual  way,  unless  in  the  case  of  soils 
which  are  naturally  very  wet,  offering  practically  the  conditions  ob- 
taining in  a  solution.  If  negative  results  are  had  from  solution  tests, 
it  may  well  be,  as  is  the  case  of  certain  soils  of  this  locality,  that  a 
type  of  nitrifying  organism  or  composite  of  organisms  is  present 
which  is  capable  of  nitrifying  in  soils,  but  not  in  solutions ;  and  that 
though  the  result  is  of  negative  indication,  the  soil  may  in  reality  be 
a  vigorous  nitrifier. 

If  positive  results  are  had,  it  may  be  that  the  soil  contains  an  or- 
ganism similar  to  the  sewer  organisms  experin-H^ni^d^l^tWhich  ni- 
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trifled  more  vigorously  in  solutions  than  in  soils,  and  that  while  the 
indication  given  by  the  test  is  of  vigorous  nitrifying  power,  the  soil 
may  in  reality  be  of  low  nitrifying  power. 

Tests  by  the  method  of  liquid  cultures  are  not  of  value  even  for 
jmrposes  of  comparing  the  nitrifying  power  of  two  soils,  since  two 
soils  may  nitrify  to  different  degrees  and  yet  both  give  negative  re- 
s^ults  in  solutions,  or  one  bearing  a  vigorous  soil-nitrifier  may  give  a 
negative  result,  and  another  bearing  a  vigorous  solution-nitrifier, 
though  weak  as  a  soil-nitrifier,  may  give  a  strong,  positive  result. 

It  secerns,  then,  that  to  gain  a  useful  indication  of  the  nitrifying 
vigor  of  a  soil,  the  soil  itself  must  be  used  as  a  medium.  To  picture 
conditions  as  they  are  in  the  field,  the  field  conditions  must  be  ap- 
proximated as  nearly  as  possible.  With  varying  soil  compositions, 
temperature,  light  and  water  relation  and  a  bacterial  flora  varying 
iu  species  and  vigor,  the  conditions  are  very  complex  and  no  labora- 
tory tests  can  ever  entirely  represent  them.  It  must,  however,  be 
the  aim  of  the  Soil  Bacteriologist  to  approach  as  nearly  as  possible 
the  ideal.  One  imperative  step  is  the  testing  of  the  activities  of  soil 
hacteria  in  soils  rather  than  in  solutions. 

Summary. 

( 1)  Many  soils  which  can  nitrify  ammonium  sulphate  and  cotton- 
jM'cd  meal  mixed  with  them,  fail  to  nitrify  ammonium  sulphate  and 
cottonseed  meal  when  used  as  the  inoculum  for  solutions,  such  as 
those  of  Omelianski,  Wiley,  and  Ashby. 

(2)  Nitrification  is  7iil  or  very  slight  in  saturated  soils. 

(3)  Nitrification  in  some  soils  proceeds  as  fast  as  ammonification, 
converting  the  ammonia  to  nitrate  as  fast  as  it  is  rendered  available 
by  the  ammonifying  organisms. 

(4)  Nitrification  in  extract  of  soil  is,  in  some  instances,  very  slight 
as  compared  with  nitrification  in  the  soil  itself. 

(5)  Nitrification  in  soils  increases  in  intensity  with  the  amount  of 
inoculum  used. 

(6)  Some  nitrifying  soils  do  not  nitrify  when  placed  in  solutions 
even  though  a  very  large  inoculum  is  used. 

(7)  Nitrifying  organisms  from  sewer  beds  nitrified  better  in  solu- 
tions than  in  soils. 

(8)  Tests  in  solutions  are  not  adequate  to  indicate  the  nitrifying 
vigor  of  a  soil. 


Digitized  by  LjOOQIC 
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THE  COLORIMETRIC  DETERMINATION  Of  NITRATES  IN 
SOIL  SOLUTIONS  CONTAINING  ORGANIC  MATTER. 


By  W.  a.  SYME. 


The  accurate  determination  of  nitrates  in  soil  solutions  by  the 
colorimetric  method  with  phenoldisulphonic  add  and  ammonia  is 
a  matter  of  some  diflBculty  on  account  of  the  large  number  of  inter- 
fering substances  which  may  be  present  in  the  solution.  Chlorides 
may  cause  a  loss  of  nitric  acid  when  the  phenoldisulphonic  acid  is 
added  to  the  residue  left  on  evaporation.  Iron  salts  affect  the  color. 
Nitrites  interfere  by  producing  a  yellow  color  with  the  reagents  like 
that  caused  by  nitrates.  These  disturbing  factors  can  be  removed 
to  a  considerable  extent — the  chlorides  by  adding  silver  sulphate,  the 
iron  salts  with  sodium  carbonate,  and  the  nitrites  may  be  determined 
separately  by  the  Griess  method. 

The  presence  of  organic  matter  in  the  soil  extract  causes  trouble  in 
several  ways.  In  the  first  place,  the  solution  may  be  so  intensely 
colored  that  it  can  not  readily  be  decolorized  with  carbon  black ;  sec- 
ondly, the  organic  matter  may  reduce  the  nitrates,  thereby  causing  a 
loss  of  nitric  acid ;  and  thirdly,  the  strong  acid  acting  on  the  organic 
matter  produces  substances  of  foreign  color  which  can  not  be  matched 
by  the  pure  nitrate  standards. 

The  object  of  the  w^ork  reported  in  this  paper  was  to  see  if  potas- 
sium permanganate  could  be  used  to  remove  organic  matter  from  soil 
extracts.  The  extracts  were  prepared  for  some  work  on  nitrification 
now  in  progress  in  this  laboratory,  the  method  of  preparation  being 
as  follows:  400  grams  of  soil  were  shaken  four  hours  with  1,200  cc. 
of  water  containing  a  little  chloroforni.  The  solutions  were  filtered 
through  a  porcelain  tube.^  The  filtrates  were  strongly  colored  when 
the  soils  contained  much  organic  matter.  The  solution  from  soil 
1867,  a  soil  from  a  compost  heap  and  the  one  most  favorable  for  the 
nitrification  experiments,  was  very  rich  in  organic  matter  and  could 
not  be  satisfactorily  clarified  by  shaking  with  carbon  black,  ^\^len 
this  solution  was  evaporated  to  dryness,  the  residue  treated  with 
phenoldisulphonic  acid  and  made  alkaline  with  ammonia,  the  resxdt- 
ing  solution  had  a  brownish  yellow  color  quite  different  from  the 
clear  lemon-yellow  given  by  a  pure  nitrate  solution. 

The  method  for  treating  this  solution,  and  others  of  the  same  kind, 
was  as  follows:  Heat  50  cc,  or  any  convenient  portion  to  60-70  de- 
grees, and  add  1  cc.  of  dilute  sulphuric  acid  (1:5).  Add  from  a 
burette  a  dilute  solution  of  potassium  permanganate  (5  to  10  gra.  per 
liter)  until  in  excess  and  heat  fifteen  minutes  on  a  water-bath,  add- 
ing more  permanganate  from  time  to  time,  if  necessary  to  have  an 
excess.  Remove  the  brown  precipitate  by  filtering  into  an  evapor- 
ating dish,  make  the  filtrate  slightly  alkaline  with  sodium  carbonate 
and  evaporate  to  dryness  on  the  water-bath.  Add  water  to  the  resi- 
'  Bulletin  31,  Bureau  of  Soils,  p.  12.  -  - 
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due  and  filter  into  a  50  cc.  flask,  wash  the  residue  on  the  filter,  and 
dilute  to  the  mark.  We  now  have  50  cc.  of  a  colorless  soil  solution 
nearly  free  from  organic  matter,  titrates  can  now  be  determined 
by  the  usual  colorimetric  method,  remembering  that  if  nitrite  were 
present  in  the  original  solution,  it  would  be  oxidized  to  nitrate. 

If  a  soil  solution,  after  treatment  in  the  way  described,  is  evap- 
orated and  the  color,  developed  in  the  usual  way,  is  compared  vdth 
that  given  by  a  portion  of  the  same  solution  not  so  treated,  the  dif- 
ference is  very  marked. 

The  evaporation  of  the  soil  solution  with  sodium  carbonate  re- 
moves manganese  and  iron,  but  enough  nitrous  acid  may  be  taken  up 
from  the  air  to  give  an  appreciable  color  with  the  nitrite  reagent. 

Carbonaceous  matter  was  not  entirely  removed  by  the  treatment 
with  permanganate,  though  the  <!oloring  matter  was  destroyed  and 
the  residue  left  on  evaporating  the  solution  to  dryness  on  the  water- 
bath  was  colorless.  The  quantity  of  carbonaceous  matter  left  by  the 
permanganate  was  not  enough  to  cause  serious  trouble  when  the 
phenoldisulphonic  acid  was  added.  The  effect  of  the  permanganate 
treatment  can  be  readily  seen  by  evaporating  equal  volumes  of  tlie 
same  soil  solution  wutli  and  without  permanganate  and  comparing  the 
residues  as  to  color,  quantity  of  organic  matter  and  behavior  on 
ignition. 

The  method  was  tested  by  having  an  associate  to  prepare  a  num- 
l)er  of  solutions  by  adding  known  quantities  of  nitrate  to  soil  extracts 
containing  organic  matter  and  giving  them  to  the  writer  for  analysis. 
The  results  were  satisfactory  in  every  case,  and  the  method  is  now 
used  in  this  laboratory. 

Experiments  were  made  to  find  out  whetlier  nitrate  is  formed  by 
the  oxidation  of  the  organic  matter  by  the  permanganate.  Soil  ex- 
tract 1931,  containing  organic  matter  but  no  nitrate  or  nitrite,  was 
treated  with  permanganate.  No  nitrate  was  found  after  the  treat- 
ment. A  trace  of  nitrite  from  the  air  was  found  after  evaporating 
the  alkaline  solution,  but  none  was  found  in  the  acid  solution  before 
evaporation. 

A  liter  of  a  colored  soil  extract  w^as  heated  and  acidified,  perman- 
ganate was  added  in  excess  to  the  hot  solution  and  the  brown  precipi- 
tate was  filtered  off.  The  filtrate  was  made  alkaline  with  sodium 
carbonate,  divided  into  two  parts,  and  evaporated.  In  one  part,  ni- 
trogen was  determined  by  the  Kjeldahl  method,  and  in  the  other 
part  by  the  Kjeldahl  method  modified  to  include  nitrates.  The  same 
quantity  of  nitrogen  was  found  in  the  two  portions,  showing  that 
there  had  been  no  nitrate  formation.  This  experiment  was  repeated 
with  a  pasture  soil  containing  50  per  cent  volatile  matter,  chiefly  in 
the  form  of  cow  manure  and  vegetable  mould.  The  result  was  the 
same,  namely,  there  was  no  nitrate  formation  from  the  action  of  the 
oxidizing  agent  on  the  organic  matter.  It  is  therefore  safe  tp  1130 
permanganate  for  the  purification  of  soil  extracts  fSr  Ifti^  nitrate  ac- 
termination. 
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NOTES  ON  PLANT  DISEASES  OCCURRING  IN  NORTH 

CAROLINA. 


By  F.  L.  STEVENS  and  J.  Q.  HALL. 


ALFALFA. 

Leaf  Spot  {Ascochyia  inccbicaginis  Bres). — This  disease  \ras 
found  in  abundance  and  did  considerable  damage  in  fields  in  Wake 
County.  It  has  not  been  reported  in  America  before,  and  is  a  new 
parasite  upon  alfalfa. 

APPLE. 

BiTTEE  Rot  {GleospoHum  fructigenum  Berk). — This  disease  was 
reported  from  Buncombe,  Haywood,  Stokes  and  Wilkes  counties. 
The  amount  of  damage  is  estimated  at  from  twenty  to  seventy-five 
per  cent  of  the  crop. 

Black  Rot  (Sphceivpsis  Malorum  Peck).— Specimens  of  this 
disease  were  received  for  determination  and  advice  from  Sampson 
County. 

Black  Rot  Canker  (Sphcvropsis  Malorum  Peck). — Apple  twigs 
were  received  from  Paul  Cable,  of  Greensboro,  with  a  statement  that 
his  trees  were  very  seriously  affected,  some  of  them  killed.  Micro- 
scopic examination  revealed  only  the  presence  of  Sphwf'opsis  Malo- 
rum, but  this  in  considerable  abundance.  Apple  twigs  affected  with 
the  Black  Rot  Canker  were  also  received  from  Mr.  Howard,  Salem- 
burg,  with  a  statement  that  they  were  from  a  young  orchard  of  one 
hundred  and  ninety  trees,  twenty-six  of  these  trees  being  seriouslj 
affected  with  this  canker,  one  dead,  and  four  or  five  others  nearly 
dead.  Another  package  -was  from  an  older  orchard  of  sixty  trees,  in 
w^hich  some  three  of  the  young  trees  w'ere  affected  and  four  or  five 
of  the  older  trees. 

The  canker  differed  from  any  other  canker  which  has  come  under 
our  observation,  the  chief  point  being  an  intense  black  color  over 
the  bark,  and  the  presence  of  abundant  spore-bearing  pustules.  The 
diseased  portion  is  usually  divided  from  the  healthy  by  a  sharp, 
definite  line,  and  the  diseased  portion  stopping  in  growth  before  the 
healthy  above  and  below  it,  is  nearly  always  of  smaller  diameter, 
giving  striking  appearance  of  constriction.  On  cutting  into  tlie  wood 
of  the  diseased  region,  it  was  found  to  be  blackened,  often  to  the  cen- 
ter, and  this  blackening  frequently  extended  a  long  distance,  both 
above  and  below  tlie  cankered  portion.  Microscopic  examination 
showed  this  blackening  to  be  due  to  the  presence  of  a  black  mycelium 
in  the  diseased  tissue,  this  mycelium  having  all  the  characteristics  of 
that  of  Sph(propffls,  On  some  of  the  cankers  Sphceropsis  only  was 
found;  on  otlier  cankers,  an  ascomycetous  fungus  only,  while  in  other 
instances   both   the  Ascomycete   and  S pha^ropsi^^iMW^  present. 
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Blotch  (Phyllosticta).^ — For  several  years  this  disease  has  been 
noticed  in  many  portions  of  the  State,  on  apple  twigs,  forming  small 
cankers.  The  fungus  appears  to  be  identical  with  that  described  as 
the  '*blotch,''  so  abundant  and  destructive  in  Arkansas  on  the  fruit 
and  foliage  of  the  apple.  Strange  to  say,  however,  in  North  Caro- 
lina our  attention  was  not  called  to  this  fungus  affecting  fruit  and 
leaves  until  March  3,  1908.  A  letter  was  then  received  from  M.  L. 
Willard,  of  High  Point,  in  which  he  states:  ^'I  wish  to  consult  you 
about  my  apple  trees.  They  look  thrifty  and  bear  well;  about  the 
middle  of  July  they  begin  to  shed  some  of  their  leaves;  about  the 
same  time  I  discover  little  black  specks  on  the  apples.     About  the 

middle  of  August  they  begin  shed- 
ding their  leaves  again,  and  by  that 
time  the  black  specks  have  grown 
till  the  apple  is  about  decayed.  By 
the  middle  of  September  the  leaves 
are  all  off.  By  that  time  you 
hardly  find  an  apple  but  what  is 
decayed  or  partly  decayed.  The 
trees  I  am  speaking  of  are  the  Red 
Limbertwig.  I  have  in  the  same 
orchard  some  May  apples  and 
some  harvest  apples  that  mature 
well." 

From  this  description  it  seems 
probable  that  this  is  an  actual  oc- 
currence of  the  blotch  in  a  very 
destructive  form  on  the  fruit  in 
Xorth  Carolina. 

Canker  (Phyllosticta) , — The 
canker  upon  the  bark  of  apple 
twigs  has  been  under  observation 
for  several  years.  It  usually  be- 
gins upon  the  one  year  old  twigs, 
where  the  canker  first  appears  as 
yellowish,  brown  spots,  in  the  cen- 
tral region  of  which  are  scattered 
very  minute  spore  bearing  pus- 
tules. As  the  canker  becomes 
older,  it  encroaches  upon  the  fresh 
bark  around  the  original  canker; 
the  bark  ruptures  and  a  consider- 
able portion  becomes  roughened. 
The  spores  from  the  pycnidia  show 

Ki...  1.— Apple  Canker.  P>llo«tU't«.     Alright,  ^i        -'  ^      t_    i  1      xi 

oijevfurold  twig nhowlngneveralyounjf  cankers:  the   TUUgUS   tO   belong  tO  the   gCUUS 
*t  left,  older  twig  showing  more  mature  and   -ni^ ^^    .r^    «.^«„«    I>I.-.77/^«/;^J^^> 

r'/ueher  canker.  fhomn  or  the  genus  rnyUostiQms 

'This  is  the  species  reported  by  some  pathologists  as  P.  solitaria  E.  and  E. 


68 


THIRTY-FIRST  ANNUAL  REPORT,  1908. 


It  is  unquestionably  the  fungus  called  Phyllosticia  solitaria  by  va- 
rious authors,  and  which  has  been  reported  as  being  extensively  de- 
structive upon  the  fruit  of  the  apple  in  several  States,  notably  in 
Arkansas.  It  is  noteworthy  that  so  far  as  our  observations  go,  this 
fungus,  while  widely  distributed  upon  the  twigs,  does  little  or  n<> 
damage  upon  the  fruit  itself  here  imless  in  exceptional  cases. 

Aside  from  finding  this  canker  abundant  in  Wake  County,  speci- 
mens were  also  received  from  Madison  and  Henderson  counties. 

FiREBLiGHT  {BacUlus  amylovorus  (Bur),  De  Toni). — This  dis- 
ease was  noted  in  a  very  destnictive  form  in  nearly  all  of  the  coun- 
ties visited  on  the  Farmers'  Institute  trij).  In  many  instances  sinirlt^ 
trees  were  killed ;  in  some  instances,  whole  orchards.  Specimens 
were  received  during  the  year  from  Iredell,  Buncombe  and  Sam])s.»n 
counties. 

TIypochnose. — This  disease,  not  heretofore  recognized  in  flit* 
Tnited  States,  was  collected  in  the  following  ])laces  in  Xortli  Canv 
lina:  Horseshoe,  Addie,  Franklin,  Hayesville,  Marshall,  ^lurphv, 
Robbinsville,  Sylva,  Bryson  City,  Fatima,  Xewton,  Eufola  and  ilt. 
Airy.  It  produces  a  rotting  of  the  leaves,  in  which  condition  thev 
have  a  tendency  to  droop  and  mat  together.     These  diseaj^ed  leaves 

are  accompanied  by  browni,  fi- 
brous or  globular  sclerotial  for- 
mation upon  the  twigs. 

Leaf  Spot  {Phi/llosticia. 
sp.), — Leaf  spots,  consisting  of 
browTi  dead  tissue,  occur  in  all 
])ortions  of  the  State.  It  is  cuj=- 
tomary  to  attribute  these  spots 
to  a  species  of  Phi/llosiirfn. 
Whether  they  are  all  due  to  the 
same  species,  or  indeed  whether 
they  are  all  due  to  PhylloMich 
at  all  or  not  is  an  open  question. 
In  any  even,  the  leaf  spot 
abounds  in  Xorth  Carolina 
wherever  the  apple  is  grown,  be- 
ing, in  general,  very  much  worse 
in  the  mountains  than  in  the 
more  eastern  sections  of  the 
State.  The  leaf  spot  consists  of 
circular  regions  of  dead  tis- 
sue, sharply  bounded  from  the 
healthy  tissue.  In  the  older 
<ipots  there  is  a  characteristic 
concentric  arrangement  of  irres:- 
ular  oircJg^,,,y^^J^a8e  is  al- 


FiG.2.— Anple  Loaf  Spot,  in  late  stage  of  de- 
velopment, showing  concentric  rings. 
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most  entirely  held  in  check  by  proper  spraying.  Specimens  were  re- 
ceived from  the  following  counties:  Rowan,  Guilford,  Davidson, 
Vance,  McDowell,  Greene,  Burke,  Iredell,  Wake,  Henderson  and 
Surry. 

MoNiLiosE  (Monilia  frnctigena  Pers.). — This  fungus  was  found 
upon  apples  sent  to  the  Station  by  B.  F.  Sparger,  of  Mount  Airy, 
many  of  the  fruits  submitted  by  him  developing  well  marked,  char- 
acteristic cases  of  Monilia  rot  after  remaining  in  the  laboratory  for  a 
few  days.  The  fungus,  from  measurements  and  appearance,  agrees 
entirely  with  Monilia  fructirjena.  This  is  the  first  record  of  the  oc- 
currence of  this  disease  in  Xorth  Carolina,  although  it  has  long  been 
seriously  destructive  in  Europe.  It  has  been  reported  from  the  fol- 
lowing States:  Arkansas.  Nebraska,  Xew  Mexico,  Virginia,  and 
West  Virginia.  The  disease  was  particularly  abundant  in  the  por- 
tion of  the  orchard  adjacent  to  plum  orchards,  where  the  Japanese 
and  Abundance  plums  had  been  very  seriously  affected  with  this  fun- 
gus the  preceding  spring. 

Rust  (Gymtwsporan/jium,  sp.). — The  apple  rust  is  much  worse  in 
the  Piedmont  and  the  coastal  section  than  in  the  mountains.  It  was 
seen  in  an  especially  destructive  form  this  year  in  Brunswick  and 
Durham  counties.  Specimens  were  submitted  this  year  from  the 
following  coimties:  Franklin,  Wake,  Halifax,  ^McDowell,  Burke, 
Rowan,  Iredell,  (^abarrus,  Mecklenburg  and  Surry.  Its  winter  stage 
upon  the  cedar  tree  is  a  familiar  sight  in  spring,  throughout  the  east- 
em  and  central  portions  of  the  State,  most  of  the  cedar  trees  being 
thickly  hung  with  cedar  balls,  protruding  from  which  are  the  well- 
known  gelatinous  honey-colored  horns.  This  disease  is  said  to  be 
more  severe  upon  the  Tawny  and  the  Horse  apples. 

Scab  (Venfuria  ijKpqnalis  (Cke.),  Wint). — Specimens  of  this  dis- 
ease upcm  the  fruit  and  also  upon  the  leaves  where  it  appears  as 
black,  sooty  spots,  were  received  this  year  for  determination  from 
Buuconilx*,  Iredell  and  ^foore  counties. 

BEANS. 

AxTiiRACxosE  (CoUeU)f  rich  urn  Lindemuthianum  (Sac.  k  Magn.), 
Bri.  k  Cav.). — This  anthracnose  occurred  in  considerable  quantity 
on  the  College  farm  and  other  places  in  Wake  county.  Reports  were 
received  from  Montgomery  and  Iredell  counties.  One  report  says 
that  90  per  cent  of  the  ])ods  were  diseased.  In  Octol)er  a  large  quan- 
tity of  disea^sed  pods  was  gathered,  brought  to  the  laboratory  and 
dried,  for  the  purpose  of  study. 

Rust  (Tromyccs  appemJiculatns  (P)  Lav.)  was  collected  in  David- 
son and  Catawba  counties. 

CANTALOUPES. 

DowxY  Mildew  (Peronospf'Va  Cuhefus-is  B.  &  C). — This  disease 
is  identical  with  the  mildew  of  the  cucinnl)er  and  piftYbvl^  expected 
anywhere  that  the  cucumber  disease  is  found. 
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Nematodes  (Heterodera  radicicola  (Greef),  MuL). — Specimens 
of  cantaloupes  very  badly  galled  by  nematodes  were  received  in  Sep- 
tember from  R.  A.  Parker,  Duplin  County.  The  roots  were  galled 
from  end  to  end,  the  galls  being  exceedingly  large  and  abundant. 
Referring  to  the  injury  done,  he  says:  "We  planted  five  acres.  They 
came  up  and  grew  off  at  first  better  than  my  neighbor's  in  an  adjoin- 
ing field,  but  about  the  time  they  began  to  run  they  began  to  turn 
yellow,  and  lots  of  them  finally  died.  A  good  many  that  did  not  die 
did  not  produce  any  fruit.  We  gathered  500  crates  from  the  five 
acres  and  my  neighbor  in  adjoining  field  gathered  600  crates  from 
three  acres."  Specimens  of  roots  from  the  "adjoining  field,"  men- 
tioned above,  proved  to  be  entirely  free  from  nematodes,  and  it  is 
probable  that  the  discrepancy  in  yield  between  these  two  fields  is  to 
be  attributed  to  these  nematodes.  The  disease  is  apparently  very 
widely  distributed  through  the  State,  often  doing  much  damage. 

CARNATION. 

Root  Knot  (Heterodera  radicicola  (Greef),  MuL). — Roots  af- 
fected with  nematode  galls  were  sent  to  the  Station  for  determina- 
tion from  Wake  county. 


CAULIFLOWER. 


Black  Rot  (Pseu- 
d  0  mo  nas  campestris 
(Pam),  Smith). — Spec- 
imens o  f  cauliflower 
thickly  covered  with 
densely  black  spots  were 
observed  upon  the  open 
market  in  Raleigh.  The 
disease  was  exceedingly 
conspicuous,  owing  to 
the  intense  black  spots 
upon  the  white  back- 
ground furnished  by  the 
healthy  portions  of  the 
cauliflower.  Upon  ex- 
amination it  w^as  found 
that  the  black  spots  were 
due  to  bacteria,  which 
had  all  the  appearance 
of  being  the  usual  form 
causing  the  black  rot  of 
the  cabbage.  The  vas- 
cular bundles,  leading 
from  the  spots  toward 
the  center  of  the  head. 


Ficj.S.—<'aiill flower  Black  Rot  (PseudomoDas  campestris). 
The  blackened  spots  are  caused  by  thls^baqtfr'  ' 
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were  blackened  in  a  manner  characteristic  of  vascular  bundles  of 
plants  affected  with  black  rot,  and  it  seems  clear  that  this  disease  is 
identical  with  the  cabbage  black  rot. 

From  the  appearance  of  the  disease  it  seems  certain  that  the  infec- 
tion was  from  the  surface  and  the  disease  was  progressing  inward. 
Upon  inquiry,  it  was  found  that  the  diseased  cauliflower  was  shipped 
from  Washington,  ^.  C,  and  it  was  impossible  to  ascertain  where 
they  were  grown.  The  occurrence  of  this  disease  in  this  fashion  is 
of  much  interest  to  Xorth  Carolinians,  since  it  shows  one  manner  in 
which  it  may  gain  access  into  and  distribution  through  the  State. 

CELERY. 

Leaf  Spot  {Septoria  petroselina  Desm.  var.  apii  Br.  &  Cav.). — 
This  disease  made  its  appearance  in  a  very  destructive  form  in  gar- 
dens in  Wake  county  this  year,  causing  the  loss  of  the  whole  crop  in 
many  instances.  The  leaves  turn  yellow,  and  then,  upon  closer  ex- 
amination, are  found  to  have  black  dots,  pycnidia,  upon  them.  This 
disease  may  be  held  in  check  by  spraying  with  Bordeaux  mixture. 

CHRYSANTHEMUM. 

Leaf  Spot  (Septoria  Chrysanthemi  Cav.). — This  diseased  speci- 
men was  sent  in  for  determination  from  Cumberland  county. 

CHERRY. 

Shot  Hole  Disease  {Cylindrosporium  padi  Karst). — This  dis- 
ease aboimds  in  all  sections  of  the  State,  It  was  collected  particu- 
larly this  year  in  Brunswick,  Wake  and  Halifax  counties,  and  speci- 
mens were  sent  in  for  determination  from  Guilford  county. 

COLLARDS. 

ScLEBOTiNosE  {Sclerotitui  Libertiana  Fckl.). — CoUards  affected 
with  this  disease  were  collected  in  Wake  county  by  B.  B.  Higgins. 

COTTON. 

AsTHBACKosE  (Colletoirichum  gossypii  South). — Cotton  anthrac- 
nose  has  been  particularly  abimdant  this  year.  Specimens  were  re- 
ceived from  Cleveland,  Wake,  Craven,  Montgomery,  Beaufort,  Ire- 
dell counties,  and  letters  of  inquiry  concerning  it  were  received  from 
Richmond  and  Scotland  counties.  In  many  instances  people  writ- 
ing concerning  cotton  anthracnose  in  their  fields  this  year  stated  that 
the  only  portions  affected  upon  their  plantations  were  fields  which 
were  planted  with  seed  from  some  distant  source,  it  being  frequently 
stated  that  the  seed  producing  the  anthracnosed  crop  came  from  Geor- 
gia. The  frequency  with  which  such  observations  were  made  agrees 
well  with  the  generally  accepted  idea  that  the  fungus  causing  the 
andiracnoee  may  be  carried  from  one  crop  to  the  next  upon  the  seed, 

and  it  serves  to  emphasize  the  importance  of  avoiding  seed  which 
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comes  from  infected  fields,  and  of  knowing  the  character  of  the  field 
from  which  seed  does  come,  so  that  the  grower  may  be  certain  that  the 
seed  which  he  has  purchased  came  from  a  healthy,  not  from  a 
sick  field. 

Aerolate  Mildew  {Ramularia  areola  Atk.). — The  frosty  mil- 
dew affects  the  leaves,  producing  small,  angular  spots,  which  are  first 
pale  green,  then  turning  light  yellow  and  pale  brown.  Upon  the 
under  side  of  the  leaf,  in  the  early  stages  of  this  disease,  small  spott 
covered  with  a  frosty  white  growth  are  seen.  The  disease  is  seen  in 
most  cotton  fields  examined,  but  usually  it  is  of  no  very  great  im- 
portance, although  in  some  instances,  if  the  leaves  become  much 
spotted,  the  whole  leaf  will  become  weakened,  will  turn  yellow  and 
fall  off.  In  this  way  the  disease  sometimes  becomes  to  some  degree 
serious. 

Bacterial  Disease  (Bacillus  Malvaccarum  Erw.  Smith). — 
Specimens  of  this  disease  were  collected  in  Wake  county.  The  dis- 
ease was  not  noticeable  in  particularly  destructive  form.  In  serious- 
ness it  seems  to  be  about  equal  to  the  frosty  mildew,  which  in  many 
ways  it  very  closely  resembles  in  general  appear^Cnce. 

Wilt  (Neocosmospora  vasinfecta  (Atk.),  Erw.  Smith). — Several 
complaints  of  cotton  wilt  from  isolated  sections  of  the  State  were  re- 
ceived this  year.  This  disease  is  undoubtedly  widespread  through- 
out the  cotton  section  of  the  State,  although  in  many  instances  the  ter- 
ritory of  the  individual  fields  which  are  invaded  is  not  very  large. 
The  disease,  however,  is  constantly  spreading,  and  is  one  which  should 
be  carefully  guarded  against  by  cotton  growers. 

COWPEA 

Leaf  Blight  (Cercospora  Dolichi  E.  and  E.). — This  leaf  blight 
prevails  nearly  everywhere  the  cowpea  grows,  producing  a  spot  which, 
viewed  from  below,  is  angular  and  is  of  a  uniform  ashen,  dirty  color. 
The  spot  is  surroxmded  by  a  region  of  the  leaf,  which  is  pale  yellow  in 
color.  IMany  spots  upon  the  leaf  result  in  its  premature  death  and 
cause  it  to  fall  off. 

Leaf  Spot  (Amerosporiuni  ceconomicum  E.  &  T.). — This  disease 
is  readily  distinguished  from  the  last  by  the  fact  that  the  spots  aro 
circular  and  are  studded  all  over  with  little  black  specks  smaller  than 
the  ordinary  pin  hole.  The  spots  of  this  are  also  of  shining  white- 
ness, and  in  this  character  are  quite  readily  distinguished  from  the 
Cercospora  spot.  The  disease  is  often  abundant,  but  is  usually  ut»t 
so  serions  as  is  the  Cercospora. 

Root  Knot  (Tleterodrra  radicicola  (Greef ),  Mul.). — Plants  badly 
affected  with  root  knot  were  collected  in  Wake  county.  This  disease 
may  be  overcome  by  using  the  Iron  variety  of  cowpeas,  which  is  re- 
sistant to  the  disease. 
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CUCUMBER. 
Downy  Mildew  (Peronospora  Cvhensis  B.  &  C). — The  downy 
mildew,  which  has  proved  so  destructive  to  cucumbers  in  other  States, 
in  South  Carolina  so  injurious  as  to  almost  destroy  the  cucumber  in- 
dustry in  certain  sections,  has  begun  to  make  its  appearance  abundr 
antly  in  Xorth  Carolina.  Specimens  were  collected  this  summer  in 
Wake,  Wayne,  Cabarrus  and  Alamance  counties.  This  disease  is 
recognized  by  the  yellowish  angular  spots  as  shown  from  the  upper 
side  of  the  leaf.  The  spots  enlarge  until  the  whole  leaf  is  involved, 
and  it  soon  droops  and  dies.  This  disease  has  given  way  in  other 
States  to  careful  spraying,  and  would  probably  do  so  here. 

DEWBERRIES. 

Septoria  rubi  West. — Specimens  were  received  for  determination 
from  Moore  county. 

GRAPES. 

Bl^vck  Rot  (Guigiiardia  bidivillii  (Ell.),  V.  &  R.). — This  disease 
is  abundant  throughout  all  portions  of  the  State  and  upon  all  varieties 
of  bunch  grapes.  The  scuppemong  is  almost  immune  and  is  only 
rarely  found  with  a  single  spot  of  black  rot.  Specimens  of  black  roi 
on  the  bunch  grape  were  received  from  Bimccmbe,  Halifax,  Pender, 
Burke  and  Moore  counties. 

GRASS. 

Myxomycete  (Physarum  ciivercum  (Batsch),  Pers.). — In  several 
instances  grass  has  been  known  to  be  affected  with  a  species  of  Myx- 
omycete. The  fungus  causing  this  damage  has  been  determined  bv 
McBride  as  Physanun  cincreum.  The  damage  begins  in  the  dis- 
eased spots  in  the  lawn  or  field,  in  which  the  grass  plants  become 
totally  covered  \\ath  the  fruiting  organs  of  the  tiagliaa^so  that  when 
viewed  from  a  distance  of  a  few  feet  nothing  but  a  black  spot  is  seen, 
the  grass  being  entirely  hidden  by  the  slime  mold  growing  over  it. 
The  spot  rapidly  enlarges,  often  becoming  several  yards  in  area. 
This  disease  was  noted  a  year  ago  at  Raleigh,  and  it  became  so  serious 
at  Waynesville  and  Oxford  that  specimens  were  sent  in  for  determi- 
nation and  advice  this  year.  It  may  be  mentioned  that  the  same  fun- 
gus has  also  been  noticed  as  a  parasite  on  grass  in  ilontgom'erv 
county,  Penn.^ 

LETTUCE. 

ScLEROTixosE  {ScJovotina  Libert iajia  Fckl.). — This  fxmgus  mado 
its  appearance  upon  the  lettuce  beds  of  West  Raleigh,  where  it  wa- 
first  seen  by  B.  B.  Iliggins  on  November  26.  The  sick  plants  col- 
lected and  brought  into  the  laboratory  developed  the  characteristic 
symptoms  of  sclerotinose.  There  is  no  record  that  this  fungus  existed 
in  this  place  before,  and  its  occurrence  is  noteworthy  as  a  possibl.^ 

^AGrass-killinj?  Slime  Mould.  By  John  W.  Harshberger,  Ph  D.,  iProc,  Am. 
Phil  See.  XLV,  Nov.  3,  1906.  Digitized  by  VriUOgle 
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indication  that  the  fungus  was  already  in  the  soil,  subsisting  naturally 
on  some  other  host  plant 

PEACH  AND  PLUM. 

Cornularia  PersiccB  (Schw.),  Sacc. — This  peculiar  fungus  was 
noted  in  every  portion  of  the  State  where  examination  for  it  was  made. 
Specimens  w^re  collected  in  abundance  in  Wake  and  Lenoir  coun- 
ties.    It  probably  does  little  or  no  damage  to  the  trees. 

Peach  Curl  {Exoascus  defomius  (Berk.),  Fckl.). — Specimens 
were  received  for  determination  from  Granville  county.  This  di-?- 
ease  is  almost  completely  controlled  by  spraying  with  Bordeaux  mix- 
ture before  the  buds  open. 

PEAR. 

Black  Rot  Canker  {Sphasropsis  malorum  Pk.). — Specimens  of 
badly  cankered  pear  limbs  were  received  from  S.  C.  Godwin,  Fay- 
etteville,  on  December  13.  Microscopic  examination  showed  the 
presence  of  mycelium  and  fruiting  pycnidia  of  Sphceropsis  in  great 
abundance.  Godwin  writes:  "Some  of  my  trees  are  dead  and  all 
except  one  are  so  badly  affected  that  they  can  hardly  survive." 

This  is  the  first  complaint  that  we  have  had  of  Sphwropsis  as  a 
very  destructive  canker-producing  fungus  on  pears  in  this  State,  al- 
though the  fungus  is  exceedingly  common  upon  the  apple.  Speci- 
mens showing  injury  from  this  disease  were  also  received  from  Cum- 
berland and  Alexander  counties. 

BuGHT  (Bacillus  amylovorous  (Burr.),  De  Toni). — This  blight 
was  even  more  destructive  than  the  apple  blight,  as  is  usually  the  case, 
and  is  present  in  the  State  practically  everywhere  that  pears  are 
gro\^Ti,  and  upon  nearly  all  varieties.  One  variety,  known  as  the 
Florida  Sand  Pear,  raised  by  N.  W.  Herring,  LaGrange,  X.  C,  pos- 
sesses a  very  high  degree  of  resistance  to  this  disease.  On  inspection 
last  year  this  variety  was  seen  to  pass  entirely  unscathed,  while  ad- 
joining Keiffers  were  very  seriously  affected.  Specimens  were  re- 
ceived from  Mecklenburg,  Jackson,  Kandolph  and  Moore,  and  in- 
quiries from  Catawba,  Franklin,  Kichmond  and  Vance  counties. 

Leaf  Spot  (Septoria  piricola  Desm.). — Pear  trees  badly  infected 
with  the  leaf  spot  were  noted  in  Brunswick  county,  about  twenty 
miles  from  Wilmington,  in  the  summer  of  1907.  The  trees  wore  so 
badly  infested  that  every  leaf  bore  one  or  more  spots,  while  many  of 
the  leaves  had  a  dozen  or  more  each.  The  spot  was  exceedingly  char- 
acteristic, being  of  a  pale,  ashen  color,  with  a  very  definitely  limited 
border.  It  was  angular  in  outline  and  limited  by  the  veins.  The 
spots  were  small,  ranging  from  two  or  three  to  six  or  eight  millime- 
ters in  diameter,  and  usually  bore  one,  two  or  three  small  black 
specks,  which  upon  microscopic  examination  proved  to  be  pycnidia. 
In  section,  the  pycnidia  are  seen  to  be  deep-seated,  onlv  the  mouth 
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projecting  above  the  epidermis.  In  appearance  they  agreed  exeee<l- 
ingly  well  with  the  drawing  given  by  Atkinson  in  Bulletin  145  of 
the  Cornell  Experiment  Station.  The  cavity  of  the  pycnidiiini  wa> 
filled  with  rather  long,  curved,  crooked  or  crescent-shaped  spores, 
which  exhibited  a  strong  tendency  to  adhere  together  in  compact 
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Fi(}.6.— Pear  Canker  (Spharopsis).  At  right,  the  cracked  bark  of  cankered 
portion.  Minute  siKtre  bearing;  pustules  are  apfjareni  in  certain  |ort ions. 
At  left,  baik  thickly  beset  with  spore-benrin«  pasiules. 

ma?^so?i.  These  spores  have  tlie  characteristic  shaj)e,  form  and  septa- 
tion  of  Scpforla,  ilost  of  them  were  continuous,  though  very  ran^ly 
spon^s  with  one,  or  occasiouallv  two  se])ta  were  seen.  In  striking  dis- 
tinction, however,  from  the  usual  Srpforla,  aiid  from  the  genus  as 
defined,  these  spores  were  dark  in  color,  agreeing  thereby  with  tlu» 
genus  Ilendrrsonia.  The  pos<(»ssi(>n  of  dark  spores  seems,  however, 
to  l>e  ])ermirted  to  Sr/tfcria  in  the  ?])ecies  Scpforia  piricola  Dosm., 
which  is,  in  all  probabilitv,  the  species  in  hand.         -  i 
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POTATO,  IRISH. 

Scab. — The  prevalence  of  this  disease  in  the  State  is  not  well 
known.  It  is  probably  abundant.  Specimens  were  collected  this 
year  by  B.  B.  Higgins  at  Xewton  and  Enfola. 

POTATO.  SWEET. 

Dry  Rot. — A  rot  of  the  sweet  potato,  consisting  of  sunken,  some- 
what shriveled,  dried,  brownish  areas,  has  been  repeatedly  reported 
to  thr  Station  this  year  for  diagnosis  and  advice.     The  accompany- 


KiG.7.  -  Sweet  Potato  Dry  Rot.   Below  is  shown  shrunken,  shrivelled,  brownish,  diseased  re- 
idon:  above  is  shown  a  longitudinal  section,  and  the  depth  to  which  the  disease  penetrates. 

ing  illustration  shows  the  appearance  of  the  potato,  both  from  surface 
view  and  in  section.  It  is  noticed  that  the  rot  penerates  to  consider- 
able depth  into  the  potato. 

Obsen-atious  in  the  laboratory  show  that  the  diseased  spots  en- 
large slowly,  as  time  passes,  yet  with  sufficient  rapidity  to  cause  tht3 
>pot  to  change  from  a  small  one  to  a  very  large  one  in  the  interim 
iK'twecn  housing  and  springtime. 

In  culture  this  condition  of  disease  always  gave  a  Fusarium,  which 
was  accompanied  by  a  Neciria,  apparently  identical  with  Xectria 
Il/omoetP,  mentioned  by  Tlalstead^  as  causing  a  rot  of  the  sweet  po- 

»N.  J.  Agrr.  Exp.  Sta.  Kept,  1891,  p.  281.  Digitized  by  GoOglc 
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tato.  While  the  fungus  seems  to  be  the  same  one  noted  by  Ilalstead, 
we  do  not  feel  sure  that  the  rot  with  which  we  are  dealing  is  the 
disease  which  he  studied. 

Specimens  of  potatoes  affected  with  this  disease  were  received 
from  L.  C.  Ellington,  Madison  county,  January  8,  1908;  J.  ir.  Gar- 
rison, Gaston  county,  and  A.  B.  Cooper,  Beaufort  county. 

The  relation  of  the  fungus  to  the  disease  is  still  the  subject  of  study 
here.  The  indications  at  present  are  that  this  is  a  soil  disease  and 
that  it  is  not  advisable  to  raise  potatoes  successively  on  fields  where 
this  disease  has  shown  itself. 

Leaf  Spot  (Phyllosticta  haiaticola  Ell.  &  Mart.), — The  Phyllos- 
ticta  spot  is  present  in  sweet  potato  fields  generally,  but  it  is  probably 
not  of  serious  import. 

White  Smut  {Albugo  Ipomoece  pandurana^  (Schw.); — This  is 
found  frequently,  though  it  is  not  exceedingly  common  upon  the 
sweet  potato.     The  injury  from  it  is  trifling. 

QUINCE. 

Bust  {Gymnosporangium), — This  rust,  the  same  that  affects  the 
apple,  winters  likewise  upon  the  cedar  tree.  Specimens  were  re- 
ceived for  determination  from  Moore  county. 

ROSE. 

Black  Spot  {Actinoncma  rosoo  (Lib.),  Fr.). — Specimens  were 
received  from  Warren  county. 

Blossom  Blight. — Attention  has  been  repeatedly  called  to  a  dis- 
ease of  roses,  which  appears  in  very  destructive  form.  The  disease 
manifests  itself  in  the  failure  of  the  buds  to  open.  The  buds  ma- 
ture in  apparently  normal  condition,  until  they  become  about  one 
inch  long,  the  outer  petals  then  show  signs  of  wrinkling,  the  first  in- 
dication of  the  di^ieasc.  The  buds  continue  to  expand  somewhat,  tbe 
outer  petals  begin  to  turn  yellow  or  straw-colored,  and  soon  all  de- 
velopment ceases.  In  some  instances  the  buds  partially  open,  but  as 
a  rule  they  do  not  attain  a  size  of  more  than  1^  inches,  and  the  petals 
do  not  really  open  at  all.  In  most  instances  where  the  disease  is 
noted  it  occurs  on  several  buds  on  the  bush.  The  character  of  the 
disease  in  single  buds  is  shown  in  Fig.  9. 

In  a  short  time  after  the  disease  Ibecomes  evident  in  the  bud,  all 
development  ceases,  petals  die,  and  the  line  of  absission  betwt^en  the 
pedicil  and  the  stem  becomes  marked,  and  the  flower  may  be  easily 
separated  from  its  stem  at  this  point.  The  whole  bud  soon  dries  up, 
its  stem,  down  to  the  line  of  absission,  likewise  shrivels  and  dries,  and 
the  occuriTnce  of  the  disease  remains  conspicuous  by  the  presence  of 
dry,  straw-colored,  dead  buds  upon  the  biisli. 

The  disease  is  known  to  recur  season  after  season  on  the  same  bush, 
while  other  bushes  in  the  immediate  vicinity,  growing  in  the  same 
soil  and  climate,  are  free  from  infection.        ^        ,,   ,    im^mi^ 
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Close  microscoj)ic  examination  failed  to  reveal  the  association  of 
any  fungi  or  bacteria  with  this  disease.  It  seems,  therefore,  that  it 
must  be,  for  the  present,  classed  as  a  ^^physiological  disorder/'  brought 
about  by  some  unkno^vn  cause.  It  is  possible  that  it  is  hereditary 
and  that  avoidance  of  stock  subject  to  this  disease  may  lead  to  the  re- 
moval of  the  difficult  v. 


Fi«;.s.  —Rosebud  Blight,  showing  destructive  nature  of  the  disease  on  individual  bushes; 
fTcry  bud  Is  diseased. 


Fig  9.— Rosebud  Blight,  showing  withered  bud  and  dry,  dead  rondliion  of  the  peduncles. 

iliLDEW  (Sphcprotheca  pannosa  (Wallr.),  Lev.). — This  disease  is 
'•IK-  eonceming  which  probably  more  queries  have  boon  received  than 
regarding  any  other  plant  disease  of  the  State.  The  Milelew  makes 
its  appearance  early  in  the  spring,  almost  as  som  as  the  leaves  come 
out,  as  a  white,  dusty  powder  over  the  surface  of  the  leaves,  stems 
and  buds. 
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The  leaves  so  affected  fail  to  develop  properly,  roll  or  curl  up,  tlin 
buds  fail  to  open,  and  the  growth  of  the  plant  is  stunted.  The  ap- 
pearance of  such  a  diseased  twig,  as  contrasted  with  the  healthy  twig, 
is  well  illustrated  in  Fig.  10.  Concerning  this  disease  this  year, 
queries  and  specimens  have  been  received  from  the  following  coun- 
ties: Halifax,  Cleveland,  Durham,  Warren,  In  dell  and  Granville 
counties.  Queries  without  specimens  were  received  from  Chowan 
county. 

The  rose  mildew  may  l)e  readily  ])rev(nted  or  held  in  check  by  ns«' 
of  the  various  spraying  mixture^J.     Probably  the  Bordeaux  mixture 


FiQ  10.— Rose  Mildew:  (a)  healthy  twiff ;  (b)  badly  diseased  twig. 

is  most  to  be  recommended,  unless  the  bush  is  so  located  that  the  use 
of  the  Bordeaux  mixture  would  be  undesirable,  such  as  would  be  the 
case,  for  exam]ile,  if  the  rose  bush  grows  near  a  white  house  in  such 
position  that  the  Bordeaux  would  spot  the  house  in  an  unsightly  way. 
In  such  event,  either  liver  of  sulphur,  one  ounce  in  three  gallons  of 
water,  or  the  anmioniacal  copper  carbonate  may  be  substituted. 


SORGHUAA. 

Smx't  (Sphacrlofhera  sorrjlii  (Link),  Clint.). — A  smut  attacking 
the  flowers  and  fruit,  but  not  the  stalk  or  leaves,  was  found  in  Wake 
county,  but  not  in  such  quantities  as  to  be  of  any  serious  damage. 
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SQUASH. 
{Fusarium^  sp.). — Garden  squash  were  seriously  diseased  in  some 
instances,  the  vines  appearing  stunted,  pale,  and  later  dying.  Upon 
miseropie  examination,  the  vascular  bundles  were  seen  to  be  invaded 
by  a  fungus,  which  proved  to  be  a  species  of  FiLsarium.  The  dis- 
ease had  all  the  characteristics  of  the  ordinary  wilt  and  was  appa- 
rently caused  by  this  fungus,  which  is  one  of  the  most  common  of 
the  wilt-producing  fungi.  Whether  the  fungus  be  identical  with 
that  causing  the  wilt  of  cotton,  melons,  etc.,  was  not  determined, 
though  no  differences  were  noted. 

SYCAMORE. 

PowDEEY  Mildew. — A  powdery  mildew  has  been  noticed  affect- 
ing the  leaves  of  the  sycamore  seriously  in  early  spring.  Leaves  are 
attacked  long  before  they  reach  the  mature  form  and  structure,  pre- 
senting very  much  the  appearance  of  frost  injury.  The  affected  spots 
are  blighted,  fail  to  grow,  turn  dark  in  color.  Owing  to  their  failure 
to  grow,  the  leaf  becomes  wrinkled,  curled,  and  distorted.  Examina- 
tion of  the  affected  spots  shows  them  to  be  densely  overgrown  with 
the  conidial  stage  of  a  powdery  mildew.  While  no  mature  fruiting 
organs  have  been  found,  and  it  is  impossible  to  make  a  complete  de- 
termination of  the  fungus  in  its  conidial  stagC;  it  agrees  entirely  with 
the  description  of  Microsphcera  Alni,  which  is  reported  as  growing 
upon  this  host.  The  fungus  is  especially  noteworthy  from  its  attack 
early  in  the  season  upon  leaves  before  they  have  completed  their 
development. 

TOBACCO. 

Fbog  Eye  (Cercospora  Nicotiance  E.  and  E.). — Specimens  were 
collected  in  tobacco  bams  at  Greenville.  The  disease  is  probably 
generally  prevalent. 

Granville  Tobacco  Wilt. — This  disease,  hitherto  unkno^^Ti  in 
literature  outside  of  Granville  county,  was  noted  this  year  in  Dur- 
ham and  Vance  counties,  and  specimens,  which  seemed  almost  cer- 
tainly to  be  this  disease,  were  received  from  Quincy,  Fla.,  where, 
says  Shamel,  "they  are  doing  immense  damage." 

At  Gray  stone,  N.  C,  3^uly  22,  on  the  farm  of  James  A.  Tunstall, 
jVshe  county,  two  small  fields  were  noted  where  the  wilt  occurred. 
In  one  instance,  out  of  six  hundred  plants  counted,  two  hundred 
showed  the  typical  disease,  and  it  was  apparent  that  about  the  same 
percentage  prevailed  throughout  the  field.  Mr.  Tunstall  stated  that 
he  had  known  this  disease  in  his  tobacco  for  more  than  twenty-five 
years,  and  has  been  obliged  to  abandon  a  great  deal  of  his  tobacco 
land  on  account  of  its  occurrence.  According  to  his  experience,  the 
land  affected  with  the  wilt,  left  without  tobacco  for  ten  years,  is  still 
diseased,  and  if  planted  again  at  the  end  of  that  time,  with  tobacco, 
results  in  the  loss  of  a  large  percentage  of  the  crop.  gitizedbyV^uuyit: 
6  ^ 
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One  farmer  in  the  neighborhood  lost  his  entire  crop  through  this 
disease.  There  came  under  our  personal  observation  one  field  of 
which  it  was  stated  that  tobacco  had  not  been  planted  on  that  field 
for  at  least  twenty-five  years,  the  field,  however,  was  very  badly  wilted. 

Root  Knot  (Heterodera  radicicola  (Greef),  Mul.). — Many  com- 
plaints were  received  concerning  the  root  galls  upon  tobacco ;  notably 
from  Whiteville  and  Washington.  These  galls  are  caused  by  minute 
worms  or  nematodes  similar  to  the  vinegar  eel.  These  worms  abound 
in  the  soil  and  from  it  enter  the  roots  of  the  plants  and  cause  the  gall 
to  develop.  In  many  instances  they  do  not  seem  to  cause  serious  loss, 
but  in  other  instances  they  are  very  destructive  to  the  crop.  The 
only  remedy  is  to  so  rotate  the  crops  as  to  avoid  planting  susceptible* 
crops  upon  soil  bearing  nematodes. 

There  is  always  a  possibility  of  finding  tobacco  plants  which  pos- 
sess a  resistance  to  the  worms.  If  such  plants  are  noticed,  seed  from 
them  should  be  saved  with  great  care  with  the  hope  of  building  up  a 
disease-resistant  variety'. 

TOMATO. 

Blight  {Bacillus  Solanacearmn  Erw.  Smith). — This  bacteriid 
disease  of  the  soil  which  caupes  a  dying  of  all  tomatoes  placed  in  it, 
unifortunately  claims  many  fields  of  the  State,  and  it  is  constantly 
spreading  into  new  territory.  It  was  noted  in  its  usual  abundance 
this  year. 

Blossom  End  Rot  {Fusarium  Solani  (Mart.),  Saac). — Sinoi- 
mens  were  received  for  determination  from  Pamlico  county. 

Leaf  Spot  {Septona  Lycopersici  Speg.). — The  Septoria  is  to  be 
distinguished  from  the  blight  by  the  fact  that  the  leaves  when  first  in- 
fected are  diseased  in  spots  only,  whereas,  in  the  blight  the  leaf  is  not 
spotted,  but  droops  and  dies  as  a  whole.  The  leaf  spot  usually  affects 
the  lower  older  leaves  first.  As  the  spots  enlarge,  encroaching  upon 
the  whole  leaf,  the  leaf  dies.  Often  the  disease  progresses  so  fast 
that  the  whole  plant  soon  becomes  involved.  This  disease  may  b<^ 
controlled  by  spraying  with  the  Bordeaux  mixture. 

VETCH. 
Downy  Mildew  (Peronospora  vicice  (B.),  DeBy.). — This  dis- 
ease appeared  upon  cultivated  vetch  in  Wake  county  this  sprimr 
and  did  a  great  deal  of  damage.  The  plants  affected  did  not  dc 
velop  normally,  were  much  smaller,  weaker  and  paler  than  the  neigh- 
boring ones.  Upon  close  examination  the  under  side  of  the  leave.* 
was  found  to  be  covered  with  the  fine  down  of  Peronospora, 

water/v\elon. 

Wilt    ( N corosmospora  vasinfeda  var  nivea  Erw.   Smith). — In- 
quiries concerning  this  were  received  from  Vance  county. 
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THE  GRAPE  BLACK  EOT. 

This  disease  prevails  in  all  parts  of  North  Carolina.  In  most  sec- 
tions of  the  State  it  is  so  bad  that  the  grape  crop  is  practically  ruined 
unless  proper  measures  be  taken  to  prevent  the  disease. 

The  black  rot  is  easily  recognized  from  the  accompanying  illus- 
tration showing  its  most  conspicuous  characters,  blackening,  drying 


and  final  shrivelling  of  the  grapes  in  the  clusters.  Often  all  of  them 
shrivel  and  dry  in  this  way.  Though  the  disease  is  seldom  noticed 
until  the  grape  is  badly  shrivelled,  it  may  be  seen  earlier  as  a  brown 
or  black  spot  on  the  berry.     Before  its  appearance  upon  the  fruit  at 
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all  it  may  be  found  as  brown  spots,  one-eighth  to  one-half  an  inch  in 
diameter,  on  the  leaves  or  twigs.  Very  close  examination  of  the  dis- 
eased spots  on  twigs,  leaves  or  fruit,  reveals  the  presence  of  very  small 
pustules  in  great  numbers. 

These  pustules  are  the  fruiting  bodies  of  the  fungus  which  is  the 
cause  of  the  black  rot,  and  from  these  pustules  issue  immense  num- 
bers of  spores,  which  serve  to  spread  the  disease. 

This  disease  can  be  prevented.  If  you  saw  black  rot  on  your 
grapes  last  year  it  will  almost  certainly  be  there  again  this  year,  unless 
you  take  steps  to  prevent  it.  Prevention  is  simple  and  sure.  It  con- 
sists in  spraying  your  vines  with  the  Bordeaux  mixture,  consisting  of 
six  pounds  of  bluestone,  four  pounds  of  lime  and  fifty  gallons  of 
w^ater.  The  first  application,  killing  the  spores  that  are  w  intering  on 
the  bark  and  trellis,  should  be  made  before  the  buds  open ;  the  second, 
immediately  before  the  blossoms  appear ;  the  third,  just  after  blossom- 
ing; the  fourth  and  fifth  at  intervals  of  ten  to  fourteen  days  there- 
after. . 

The  cost  of  six  sprayings  for  an  acre  of  giapes  is  about  fifteen 
dollars,  including  material  and  labor.  The  grapes  saved  will  in  value 
far  exceed  this  cost. 

Now  is  the  time  of  year  to  get  your  spray  pump  ready  if  you  have 
one ;  to  buy  one  if  you  need  to ;  to  prepare  for  the  spraying  needed 
during  the  coming  spring. 

If  you  need  further  information  regarding  spraying  mixtures,  how 
to  prepare  them,  spraying  pumps,  where  to  buy  them,  and  what  crops 
and  when  to  spray,  write  to  the  North  Carolina  Agricultural  Experi- 
ment Station,  West  Ealeigh,  N.  C,  for  Bulletin  193,  '^Spraying  Mix- 
tures and  Machinery,  When  and  How  to  Spray." 

The  following  Bulletins  of  interest  to  fruit  growers  may  be  secured 
upon  application: 

Bulletin  184.  Garden  and  Orchard  Fruits,  their  Culture  and  Mar- 
keting. 

Bulletin  185.  Black  Hot  of  the  Grape  in  North  Carolina  and  Its 
Treatment. 

Bulletin  186.  Insect  and  Fungous  Enemies  of  the  Peach,  Plum. 
Cherry,  Fig  and  Persimmon. 

Bulletin  187.     Grapes  and  Small  Fruits. 

F.  L.  Stevexs,  BiologisL 
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SOME  INSECT  ENEMIES  OF  GARDEN  CROPS 

CONTAINING  PRACTICAL  INFORMATION 

CONCERNING  THE  HABITS  AND  LIFE  HISTORIES  OF 

CERTAIN  INSECTS,  WITH  REMEDIAL 

SUGGESTIONS 


By  R.  I.  SMITH,  Entomologist 


Without  the  home  garden  the  farm  is  incomplete.  Even  the  town 
or  city  home  with  its  small  area  of  land  should  possess  a  garden  in 
which  many  vegetables  may  be  grown  to  help  supply  the  table,  and 
reduce  the  market  and  grocery  bills  during  both  summer  and  winter. 
It  often  happens  that  the  pleasure  and  profit  derivable  from  the  pos- 
session of  a  garden  are  both  greatly  diminished  by  the  insects  that 
prey  upon  the  various  vegetables,  and  sometimes  entirely  destroy 
them.  Far  too  many  gardens  are  carefully  prepared  and  planted 
and  afterwards  allowed  to  become  food  for  various  insects,  mainly 
through  ignorance  on  the  part  of  the  gardener  of  the  methods  by 
which  they  might  be  controlled.  For  the  person  who  aims  to  sell  a 
part  of  his  garden  products  a  knowledge  of  insects  and  their  control 
is  especially  necessary.  The  question  of  profit  or  loss  may  depend 
on  the  suppression  or  non-suppression  of  these  pests. 

It  is  only  too  true  that  some  insects  are  difficult  or  almost  impos- 
.•-ible  to  suppress,  but  the  great  majority  are  within  man's  control 
when  the  proper  remedial  and  preventive  measures  are  applied.  An 
illustration  of  well  known  and  fairly  easily  preventable  insect  in- 
jury, occurring  annually,  is  that  of  the  Colorado  Potato  Beetle,  which 
is  perhaps  one  of  the  most  common.  The  writer  has  frequently  met 
with  farmers,  and  small  garden  owners,  who  relied  solely  upon  hand 
picking  for  the  suppression  of  potato  beetles,  and  frequently  even 
this  unsatisfactory  method  was  delayed  until  the  plants  were  nearly 
destroyed.  How  much  time,  labor,  and  expense,  to  say  nothing  of 
actual  loss,  such  people  might  have  saved  by  dusting  the  potato  plants 
with  dry  Paris-green  mixture,  or  by  using  the  same  poison  as  a 
liquid  spray.  This  method  of  fighting  the  potato  beetle  and  similar 
simple,  reliable  remedies  for  other  insects  are  discussed  in  subsequent 
pages. 

Numerous  illustrations  are  inserted  to  assist  the  reader  in  recosj- 
nizing  the  insects  mentioned  and  as  an  aid  in  understanding  their 
life  history  and  habits.  Without  some  knowledge  of  these  facts  in- 
jects can  not  generally  be  fought  intelligently. 
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In  these  pages  no  attempt  has  been  made  to  include  all  the  various 
insect  enemies  of  the  crops  mentioned,  but  such  only  as  may  appear 
every  year  and  cause  more  or  less  damage  unless  fought  successfully, 
"To  he  forewarned  is  to  he  forearmed/'  should  be  the  maxim  of  every 
gardener.  A  knowledge  of  the  life  history  and  habits  of  insects  aids 
one  in  adopting  more  successful  preventive  measures  against  these 
enemies. 

Life  History  and  Development  of  Insects. 

The  habits  of  insects  constitutes  a  very  interesting  and  broad  field 
for  study  and  investigation.  Without  some  knowledge  of  the  de- 
velopment, i.  e.,  the  life  history  of  our  principal  injurious  insects, 
we  would  be  poorly  equipped  to  conduct  a  warfare  against  them.  It 
is  not  to  be  expected,  nor  is  it  necessary,  that  every  gardener  should 
know  all  about  the  changes  undergone  by  these  interesting  insects, 
but  there  are  a  few  principles  governing  their  growth  and  habits  that 
every  person  may  readily  remember.  One  of  these  is  the  develop- 
ment, or  the  changes  that  an  insect  undergoes  during  its  life,  and 
another  is  the  feeding  habits  of  all  the  various  forms.  These  two 
principles,  it  will  be  found,  are  closely  related,  for  certain  insects, 
while  in  the  young,  immature  stage,  secure  food  by  biting  and  chew- 
ing, like  caterpillars;  while  the  adult  or  parent  of  the  same  insect 
may  take  its  food  in  an  entirely  different  manner,  for  example,  moths 
and  butterflies.  Grasshoppers,  on  the  other  hand,  always  chew  their 
food,  and  in  order  to  illustrate  two  forms  of  Insect  Development,  we 
will  compare  their  growth  with  that  of  the  Green  Cabbage  Worm, 

Incomplete    Metamorphosis. — Grasshoppers    undergo    incomplete 


'  r 

Fig.  1— Plant  Bug,  Nezara  hilaria  :  a,  mature  bug ;  c,  egg  mass ;  e,Z 
young  nymph  ;  f,  last  stage  of  nymph— enlarged.     (Chittenden,  Farm- 
ers' Bui.  223,  U.  S.  Dept.  of  Agr.) 

metamorphosis  or  direct  development,  as  there  are  only  three  distinct 
stages  of  growth,  namely,  Egg,  Nymph  (young),  and  Advlt  Grass- 
hopper eggs  are  deposited  in  masses  in  the  ground,  and  from  them, 
in  due  time,  minute  grasshoppers  hatch,  rege^ljl^in^^^^|dult   in 
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general  shape  but  somewhat  clumsy  in  appearance  and  lacking  wings. 
As  they  increase  in  size  by  successive  molts,  the  wings  commence  to 
develop,  first  appearing  as  small,  blunt  pads,  and  finally  becoming 
full  grown.  During  this  development  the  grasshopper  always  retains 
its  general  form  and  appearance.  That  is,  a  young  grasshopper  may 
always  be  recognized  as  such.  Fig.  1  illustrates  the  similar  growth 
of  a  plant  bug  (Nezara  hilaris),  a  sucking  insect  that  sometimes 
punctures  and  injures  cotton  bolls. 

Complete  Metamorphosis. — Cabbage  worms  have  a  markedly  dif- 
ferent life  history  from  the  grasshopper,  as  they  pass  through  four 
distinct  stages,  namely.  Egg,  Larva  (worm),  Pupa  (quiescent  stage) 
and  Adult.'  This  is  called  "complete  metamorphosis"  or  Indirect 
Development.  The  adult  or  parent  of  the  cabbage  worm  is  a  con- 
spicuous white-winged  butterfly  (See  p.  21*)  that  flies  about  collard 
and  cabbage  fields  on  any  bright,  warm  day.  These  deposit  eggs  that 
hatch  into  minute  worms,  which,  when  grown,  change  to  pupse  corre- 
sponding to  the  familiar  cocoon  stage  of  many  butterflies  and  moths. 
From  the  pupee  the  perfect,  fully  developed  butterflies  emerge.  To 
one  wholly  ignorant  of  the  growth  of  insects  these  wonderful  changes 
might  seem  impossible,  but  the  statement  may  easily  be  verified  by 
any  one  caring  to  make  the  experiment.  The  four  stages  of  the  Bean- 
leaf  beetle  showing  "complete  metamorphosis"  are  illustrated  in 
Fig.  6,  p.  15. 

A  few  common  garden  insects  have  direct  development,  the  young 
resembling  the  adult,  such  as  plant  lice,  terrapin  bugs,  squash  bugs, 
plant  bugs  and  grasshoppers,  but  by  far  the  great  majority  of  them 
have  indirect  development,  passing  from  the  worm,  grub,  or  cater- 
pillar stage,  to  entirely  different  looking  forms,  such  as  beetles,  moths 
and  butterflies.  These  complete  changes  in  appearance  have  at  times 
given  people  erroneous  and  ridiculous  ideas  about  certain  insects.  As 
an  example,  the  writer  once  received  a  letter  from  a  farmer,  stating 
that  the  plant  lice  had  been  very  abundant  on  his  cantaloupes,  but 
that  they  were  then  changing  to  beetles.  These  proved  to  be  lady- 
bird beetles,  predaeeous  parasites  feeding  on  the  lice,  and  of  course 
an  entirely  different  kind  of  insect.  Besides,  the  beetles  were  di- 
rectly responsible  for  the  disappearance  of  the  injurious  lice. 

Common  Names  of  Immature  Insects. 

Entomolc^sts  classify  insects  into  various  orders,  and  have  adopted 
a  few  common,  accepted  names  for  the  young  or  immature  stage  of 
certain  orders.  For  example,  Maggots  develop  into  two-winged  flies 
(Order:  Diptera) ;  Orubs  into  hard-winged  beetles  (Order:  Coleop- 
tera)  ;  Caterpillars  (both  smooth  and  hairy)  into  moths  or  butterflies 
(Order:  Lepidoptera).  These  common  titles  are  frequ^enj^j^jy^^^ge 
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of  by  writers.  Thus  the  reader  may  understand  that  when  white 
gruh^  are  mentioned  it  refers  to  the  young  of  some  beetles,  generally 
May  or  June  beetles.  Similarly  when  caterpillars  are  mentioned 
the  term  always  refers,  or  should  refer,  to  the  larval  stage  of  moths  or 
butterflies. 

The  term  larva  (plural  spelled  larvae)  may  be  used  in  referring  to 
the  young  stage  of  all  insects  that  have  complete  metamorphosis,  such 
as  beetles,  bees,  flies,  moths,  etc.  The  word  nymph  is  used  for  the 
young  of  grasshoppers,  terrapin  bugs,  squash  bugs,  etc.,  that  resemble 
the  adult  insects. 

Chewing  and  Sucking  Insects. 

More  important  in  some  respects  than  the  knowledge  of  the  life 
history  of  an  insect,  is  that  of  its  feeding  habits.  Every  gardener 
should  understand  how  insects  get  their  food,  whether  by  chewing  or 
sucking,  for  without  that  knowledge  he  can  not  as  readily  understand 
why  certain  remedies  are  suggested  against  different  insects.  As 
already  mentioned,  the  caterpillars,  represented  by  cut-worms  and 
cabbage  worms,  feed  by  chewing  and  actually  devouring  some  portion 
of  the  host  plant,  while  the  parent  moths  or  butterflies  feed  entirely 
differently.  All  beetles  and  their  young  feed  by  chewing.  On  the 
other  hand,  all  plant  lice,  squash  bugs,  and  most  insects  commonly 
known  as  *'bugs,"  feed  by  means  of  long,  slender  beaks,  which  are 
used  to  pierce  the  plant  tissue,  and  through  which  the  plant  juice  is 
extracted. 

Insects,  therefore,  may  be  divided  into  two  great  classes:  first, 
Chewing  or  Biting  Insects^  and,  second.  Sucking  Insects.  The  for- 
mer includes  all  insects,  whether  in  the  immature  or  adult  stage, 
that  feed  by  biting  and  chewing ;  the  latter  includes  a  large  class  of 
insects  that  feed  only  by  sucking  the  plant  juices.  A  moment's 
thought  will  reveal  the  reason  why  it  is  that  a  poison  spray,  such 
as  Paris-green  mixture,  that  acts  as  an  internal  poison  when  swal- 
lowed with  the  food,  would  not  kill  an  insect  that  sucks  the  sap. 
The  latter  make  only  a  minute  hole  with  the  pointed  beak  and  suck 
the  sap  from  beneath  the  surface.  How,  then,  may  sucking  insects 
be  killed?  Naturally  by  some  substance  that  will  kill  by  contact, 
having  a  corrosive,  caustic,  or  suffocating  effect.  Kerosene  emulsion, 
soap  solutions,  etc.,  are  examples  and  are  described  more  fully  on 
pages  63  and  64. 

This  brief,  simple  statement  of  facts  is  inserted  mainly  as  a  sug- 
gestion to  those  readers  who  desire  to  learn  something  about  insects. 
Of  course  arsenical  poison  sprays  and  contact  sprays  are  useless 
against  some  insects.  Borers  and  other  forms  that  feed  in  protected 
places,  even  though  they  chew  their  food,  can  not  be  reached  with 
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arsenicalsy  neither  can  suckuag  insects  be  killed  by  a  contact  spray 
unless  touched  by  the  mixture.  It  is  customary  for  people  to  think 
that  all  garden  insects  may  be  killed  by  a  spray  of  some  description, 
but  this  is  an  erroneous  idea.  White  grubs  in  the  soil  feeding  on  the 
roots,  boring  insects  hatching  from  eggs  laid  imder  the  skin  of 
plants,  leaf-mining  insects  working  between  the  two  surfaces  of  a 
leaf,  and  others,  can  not  readily  be  killed  by  any  spray  mixture.  For 
these  and  various  reasons  it  is  necessary  to  understand  the  life  his- 
tory of  insects;  then  the  weakest,  most  vulnerable  period  in  their 
career  must  be  selected  as  the  proper  time  to  effect  their  eradication 
or  suppression. 

K  early  all  insects  succumb  to  poison  fumes  like  carbon  bi-sulphide 
and  hydrocyanic  acid  gas,  and  insects  in  stored  grains  are  best  con- 
trolled by  the  fumigation  method.  With  certain  garden  insects,  cul- 
tural methods  may  be  the  only  successful  means  of  fighting  them, 
and  at  times  two  or  three  methods  may  be  combined  against  a  single 
species. 

INSECTS  AFFECTING  ASPARAGUS 

Fortunately  there  are  not  many  insects  injurious  to  this  valuable 
plant.  There  are,  however,  two  asparagus  beetles,  both  imported 
species,  that  may  do  considerable  damage*  Their  injury  is  due  to 
both  adults  and  larvae  feeding  on  the  young,  tender,  marketable  shoots, 
rendering  them  unfit  for  sale,  and  also  to  defoliation  of  older  plants. 
Since  their  habits  and  method  of  injury  to  asparagus  are  much  the 
same  they  will  be  mentioned  here  together. 

Common  Aspaeagus  Beetle  (Crioceris  asparagi,  Linn.). 

The  12-spotted  Asparagus  Beetle  (Crioceris  12-punctata,  Linn.). 

DESCRIPTION  AND  LIFE  HISTORY. 

Beetles. — Are  about  one-fourth  inch  in  length,  both  species  being 
somewhat  strikingly  colored  and  marked.  The  common  asparagus 
beetle,  shown  in  Fig.  2,  has  the  thorax  or  fore  part  of  the  body,  red- 
dish-yellow marked  with  two  black  spots.  The  wing  covers  are 
marked  by  a  bluish-black  stripe  along  the  middle  line  where  they 
meet,  and  lateral  extensiolis  of  this  main  stripe  extend  toward  the 
edges,  which  are  orange  colored.  The  intervening  color  is  lemon- 
yc'llow.  The  underside  of  the  body  and  the  legs  are  usually  shining 
black.  The  12-spotted  beetle  is  uniformly  reddish  in  color,  with 
twelve  black  spots  on  the  wing  covers  (Fig  3).  The  body  is  broader 
than  the  common  species.  These  beetles  cause  much  damage  by 
gnawing  into  the  young  marketable  shoots,  and  later  the  beetles  of 
the  common  species  help  to  defoliate  the  plants,  while  the  12-spotted 
beetles  feed  mainly  on  the  berries. 
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Hibernation. — The  beetles 
pass  the  winter  hidden  about 
in  any  convenient  shelter, 
under  loose  bark  of  trees,  in 
fence  corners,  and  like  places, 
coming  forth  in  early  spring 
as  the  asparagus  commences 
growth. 

Eggs  and  Egg-Laying. — 
The  eggs  of  both  beetles  are 
similar  in  shape,  but  those  of 
the  common  species  are  placed 
on  end,  usually  in  rows,  while 
the  others  are  laid  singly  and 
flat  against  the  plant.  While 
the  beetles  may  appear  at 
about  the  same  time,  the  12- 
spotted  beetles  do  not  often 
commence  to  deposit  ^gs 
until  a  month  has  elapsed, 
while  the  common  species 
commence  quite  early, 

Larvce  and  Feeding  Hab- 
its.— The  larvae  of  the  com- 
mon  asparagus   beetle   when 

Fig.  2.— Common  Asparagus  Beetle  on  asparagus:  first  hatched  do  mUCh  damage 
Showingeggs.larvw  and  adult:  asparagus  top  at  right,  ]^y  ^gwiuff  iutO  the  tender 
showing  eggs  and  iajury.      ( Chittenden,  Yearbook,  '      '  .^,        -  ,  1*1 

1896,  u.  s.  Dept.  of  Agr.)  shoots,  and  lU  this  work  they 

are  assisted  by  the  adult 
beetles.  The  larvae, 
called  ''grubs/'  may  at- 
tain a  size  of  one-fourth 
inch  or  slightly  longer. 
They  are  soft  bodied, 
yellowish  or  dark  gray 
in  color.  The  larval  pe- 
riod varies,  but  is  usu- 
ally about  twelve  days, 
after  which  they  drop 
to  the  ground,  burrow 
down     and     change    to 

pupa*  in  dirt-COVerod  CO-     Fkj.  3.— 12-SpottcdAsparagiLs Beetle:  a,  beetle;  6,  larva,  (Chit- 
'  tenden.  YearlHiok.  1896,  U.  8.  Dept.  of  Agr.) 
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As  already  stated,  the  eggs  of  tlie  12-spotted  beetle  are  deposited 
late  and  the  larvae  feed  on  the  berries,  if  present,  causing  them  to 
drop  before  ripening.  In  appearance  these  larvaj  do  not  differ  ma- 
terially from  the  ones  just  described,  except  for  being  reddish  in  color. 

Oeneraiions. — The  life  cycle  from  egg  to  adult  requires  only  about 
thirty  days,  hence  there  may  be  several  broods  each  season.  The 
beetles  hibernate  quite  early  in  the  fall. 

REMEDIES  AND  PREVENTION. 

Asparagus  beetles  should  be  controlled  by  preventive  measures 
largely,  although  direct  remedies  are  at  times  necessary.  Commenc- 
ing early  in  spring  when  the  beetles  first  appear,  the  asparagus 
grower  should  aim  to  destroy  all  eggs  deposited,  before  they  hatch, 
and  supplement  this  by  poisoning  the  beetles  on  trap  plants.  The 
eggs  of  the  common  asparagus  beetle  are  frequently  laid  in  the  bud 
of  young  shoots  just  as  they  appear,  or  on  the  stems  of  any  plants  in 
the  field.  Obviously  all  old  plants,  with  the  exception  of  a  few  left 
as  trap  plants,  should  be  cut  down,  and  new  shoots  cut  out  clean  at 
least  every  three  days.  Beetles  and  larvae  on  trap  plants  may  be 
shaken  into  a  pan  of  kerosene,  and  the  plants  may  be  dusted  fre- 
quently with  a  mixture  of  lime  dust  and  Paris  green,  using  one  pound 
of  the  poison  in  thirty  pounds  of  air  slaked  lime.  The  lime  dust 
alone  is  an  effective  remedy  for  the  soft  bodied  larvae,  killing  all  that 
it  touches,  and  the  mixture  acts  as  a  poison  to  both  larvae  and  beetle?. 

Trap  plants  bearing  eggs  and  larvae  should  be  cut  out  frequently — 
at  least  once  a  week,  and  new  plants  allowed  to  grow  up  in  their 
place.  Since  the  larvae  of  the  12-spotted  beetle  feed  mainly  in  the 
berries  they  can  not  well  be  poisoned ;  hence  frequent  destruction  of 
plants  bearing  the  eggs  is  advisable.  Larvae  of  the  common  species 
may  be  shaken  from  the  plants  on  sunny  days  when  the  earth  is  hot, 
and  many  will  die  before  getting  back  to  the  plants. 

Arsenate  of  lead  (See  p.  61),  as  a  liquid  poison  spray,  may  be 
used  on  fields  that  are  allowed  to  grow  during  summer  and  fall. 

INSECTS  AFFECTING  BEANS. 

Bean  plants  are  subject  to  injury  from  leaf  eating  insects  from 
the  time  they  appear  above  ground;  the  fruit  may  be  damaged  by 
boring  caterpillars;  the  stored  beans  partially  destroyed  by  weevils; 
the  seed  when  planted  is  sometimes  injured  by  ants  and  wireworms, 
and  young  plants  severed  by  cut  worms. 

WiREWOBMs  (See  under  Insects  Affecting  Corn,  p.  31). 
Cutworms  (LarvcB  of  Night  Flying  Moths). 

To  gardeners  these  pestiferous  creatures  are  very  familiar.  Some, 
however,  may  not  be  acquainted  with  their  life  hist()rj;^^  qr 
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remedial  measures.  The  former  is  very  interesting  and  indicates 
how  the  larvae  should  be  fought.  When  beans,  and  many  other  gar- 
den plants  commence  to  appear  in  spring,  they  are  cut  off  at  night 
just  above  the  surface  of  the  soil  by  these  pests.  During  the  day 
the  cutworms  lie  in  shallow  burrows  in  the  soil  or  under  any  avail- 
able cover,  coming  forth  to  feed  only  at  night.  There  are  a  number 
of  species,  variously  known  as  greasy,  variegated,  dark-sided,  glassy, 
clandestine,  etc.,  all  having  about  the  same  habits,  but  differing  in 
appearance. 


Fig.  4.— VariegfttcKl  Cutworm,  Ptridromia  saucia:  a,  adiilt  moth  ;  *, 
c,  and  d,  larvie  (3  views ) ;  e,  single  egg  much  enlarged ;  /,  tf^  ma-ss  on 
grass  stalk.    (  Howard,  Div.  of  Ento.,  U.  S.  Dept.  of  Agr.) 


DESCRIPTION    AND   LIFE    HISTORY. 

Life  History, — Noticeable  damage  by  cutworms  occurs  mainly  in 
spring  when  gardens  are  first  started.  The  worms  responsible  for 
the  damage  are  ones  that  pass  the  winter  in  hibernation,  awaiting  the 
advent  of  spring  to  issue  forth  in  search  of  food.  To  appreciate  the 
appetite  displayed  by  cutwonns  one  must  understand  their  life  his- 
tory, which  is  as  follows: 

About  June  or  July  cutworms  become  fully  grown.  They  then 
burrow  into  the  earth,  form  silk-lined  oval  cocoons  and  transform 
therein  to  pupee.  About  three  weeks  later  the  adult  parent  moths 
emerge  and  soon  deposit  eggs  for  the  next  brood.  The  eggs  (Fig. 
4,  f )  are  placed  on  any  succulent  vegetation,  grass  or  weeds,  on  which 
the  larvae,  when  hatched,  feed  and  become  about  one-half  grown  be- 
fore winter  weather  drives  them  into  hibernation.     The   following 
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spring  they  awake  with  ravenous 
appetites  after  their  long  winter^s 
fast,  and  naturally  devour  any 
green  vegetation  at  hand. 

Parent  Moths. — T  he  moths 
sho\vn  in  Figs.  4  and  5  are  of  me- 
dium size  and  have  wings,  which 
expand  one  and  one-half  to   two 

O  inches.     The  front  wings  are  dark 

brown  or  gray,  never  conspicuous, 
but  usually  bearing  a  kidney-shaped 
spot  of  lighter  color;  hind  wings 
always  lighter  than  the  fore  wings. 

Fi...  5.-Bl«c.k  Ciitworm,  AffvotU  ppMilan:    rpj^^^^  ^^^^^  j^jj^   durinff  the   daV, 
Sh<i\i  in;;  liirva  unci  adult  moth.    (  Riley  and    i../.j..       i_jn  •.?  •! 

Howani.  Div.ofEnt..  U.S.  iK'pt.ofAgr.)        but  it  disturbed  lly  With  a  quick, 

darting  motion. 
Larvw, — All  have  naked  bodies,  varying  in  color  from  dirty  green 
to  gray  and  brown,  but  often  distinctly  marked  with  longitudinal 
dark  stripes  and  dots.  They  have  three  pairs  of  true  legs  at  the 
anterior  (head)  end  and  five  pairs  of  fleshy  pro-legs  behind  (Fig. 
4,  b).  When  disturbed  they  always  curl  up,  as  shown  at  Fig.  4,  c. 
Generations. — Only  one  generation  occurs  each  year,  and  the  greater 
portion  of  their  life  is  passed  in  the  larval  stage. 


REMEDIES  AND  PREVENTION. 

Preventive  measures  are  preferable  to  direct  remedies,  though  the 
latter  are  fairly  successful.  Gardens  that  are  in  constant  cultivation 
and  that  are  kept  free  from  weeds  would  not  be  greatly  infested  with 
cutworms,  weredt  not  for  the  ones  that  wander  in  from  adjoining 
grass  lands,  but  as  this  always  occurs  gardens  are  seldom  exempt  from 
them.  The  natural  food  of  cutworms  is  grass,  and  for  this  reason 
sod  land  during  the  first  year's  cultivation  is  liable  to  be  badly 
infested. 

Cultural  Methods. — Gardeners  may  determine  with  reasonable  cer- 
tainty what  fields  are  most  liable  to  be  infected.  Sod  land,  or  grassy 
and  weedy  gardens  may  always  be  suspected.  Such  lands  should  be 
plowed  deeply  in  fall  or  early  winter  to  disturb  the  cutworms  in  their 
earthen  hibernating  cells.  Some  will  be  exposed  as  prey  to  fowls 
and  birds  and  some  may  die  froiri  exposure  to  the  winter  weather. 
It  has  been  stated  also  that  the  rains  soaking  into  the  loosely  plowed 
land  will  drive  some  larvae  from  their  cells.  Cross  plowing  to  further 
disturb  and  expose  the  cutworms  is  certainly  advisable. 

Domestic  fowls  should  be  encouraged  to  follow  the  plows,  as  they 
will  destroy  great  numbers  of  insects. 
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Paper  Bands. — In  small  gardens,  plants  like  tomatoes,  cabbages, 
egg-plants,  etc.,  may  be  protected  from  cutworms  by  bands  of  stiff 
cardboard  or  tarred  paper  pressed  into  the  soil  surrounding  the  plants. 
They  need  not  be  over  one  and  one-half  inches  above  the  soil,  as  cut- 
worms seldom  climb.  Oecasionally  a  species  of  climbing  cutworm 
appears,  which  must  be  fought  by  poison  sprays  or  poisoned  bait. 
Vertical  holes  with  smooth,  hard  sides  made  close  by  the  plants,  are 
said  to  be  good  traps,  as'  the  cutworms  crawl  into  them,  and  are  imable 
to  get  out 

Poisoned  Bait, — This  is  no  doubt  the  best  remedy  to  be  used 
against  cutworms  before  the  crops  are  planted,  acting  as  a  preventive 
measure,  tHough  it  may  be  used  later.  To  make  the  best  use  of 
poison  bait,  prepare  the  garden  or  field  by  raking  off  all  vegetation 
a  few  days  before  the  crop  is  planted  or  seeds  come  up.  Leave  the 
land  a  few  days,  which  will  result  in  making  the  cutworms  hungry. 
Then  apply  a  bait  made  as  follows :  With  forty  pounds  of  corn-meal 
mix  one  pound  of  Paris  green  or  white  arsenic;  moisten  with  water 
to  make  a  rather  stiff  mash,  and  sweeten  with  two  quarts  of  com- 
mon molasses.  Apply  this  bait  about  sundown  in  little  heaps  at  fre- 
quent intervals  over  the  field.  Repeat  this  application  for  two  or 
three  nights  in  succession.  In  this  way,  many  cutworms  will  be 
poisoned,  especially  if  the  land  is  free  from  vegetation.  The  bait 
may  be  placed  in  heaps  close  by  plants  that  should  be  protected,  but 
the  paper  bands  are  more  effective. 

Another  good  poison  bait  is  made  by  cutting  some  succulent  clover 
and  dipping  it  in  a  barrel  of  water  containing  one  pound  of  Paris 
green.  This  may  be  used  while  fresh  the  same  way  as  the  corn- 
meal  bait. 

All  poisoned  baits  must  be  used  with  caution,  or  not  at  all,  if 
chickens  are  liable  to  get  to  it 

Bean  Leaf  Beetle  (Cerotoma  trifurcata,  Forst). 
Injury  is  caused  by  the  adults  eating  round  holes  in  the  leaves  of 
beans  and  cowpeas,  while  the  larvae  feed  on  the  roots  or  main  stem 
just  below  the  surface  of  the  soil. 

DESCRIPTION  AND  HABITS. 

The  beetles  are  about  one-sixth  inch  in  length,  varying  in  color 
from  yellowish  to  reddish  with  black  marking  as  shown  in  Fig.  6. 
When  abundant,  the  beetles  may  defoliate  plants  severely.  They 
hibernate  during  winter  and  usually  appear  quite  early  in  spring. 

The  larvsB  are  slender  in  form  and  whitish  in  color,  and  feed  on  the 
roots  or  stems  in  the  manner  stated  above. 

There  may  be  two  or  three  generations.  According  to  Chittenden* 
the  life  cycle  requires  from  six  to  nine  weeks. 
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Fig.  6.— 
c.  larva:  /, 
enlarged, 

Agr.) 


REMEDIES. 

Spraying  the  plants  with 
an  arsenical  poison^  Paris 
green  or  arsenate  of  lead  pre- 
ferably mixed  with  Bordeaux 
mixture  (See  p.  61),  is  un- 
doubtedly the  best  remedy. 
When  the  early  appearing 
beetles  are  poisoned  later 
spraying  should  not  be  neces- 
sary. String  beans  should 
not  be  poisoned  when  the 
pods  are  maturing.  Further 
preventive  measures  against 
Bean  Leaf-Beetle:  o.  adult  beetle:  6,  pupa:  similar  leaf-eating  beetles  are 

egfir-a.  6.  c  enlarged  about  six  times,/ more  (JigcuSSed    On    pafiTC    43    Under 
(Chittenden,  Yearbook,  1898,  U.  S.  Dept.  of  ^.^^^^^^e^  be^^les: 


Common  Bean  Weevil  (Bruchus  ohtedus.  Say). 

The  conunon  bean  weevil,  Bruchus  ohtedus,  Fig.  7,  as  well  as 
other  species  of  Bruchus,  annually  infest  quantities  of  dried  beans, 


v„^. 


Flu.  7.— Common  Bean  Weevil,  Bruehus  obteetut:  a,  Ijeetle:  6,  lar^n:  c,  pupa— all 
greatly  enlarged.    (Chittenden.  Yearlx>ok,  1898,  U.  S.  Dept.  of  Agr.) 

rendering  them  unfit  for  food  or  seed.  Infested  beans  are  readily  de- 
tected, upon  examination,  as  every  housekeeper  could  testify.  Many 
people  believe  that  beans  become  infested  only  after  they  are  stored, 
and  such  may  at  times  be  true,  but  a  large  proportion  are  first  in- 
fested in  the  field  or  garden. 

life  history  and  HABITS. 

Dried  stored  beans  once  infested  with  weevils  may  continue  to  be- 
come worse  infested  by  successive  generations.     If  not  disturbed  the 
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weevils  may  produce  five  or  six  generations  each  year  and  single  beans 
may  contain  a  number  of  weevil  larvae  at  one  time. 

Ordinarily,  beans  first  become  infested  in  the  field,  the  weevils  do- 
positing  eggs  through  slits  or  cracks  in  the  green  pods,  and  the  larvae, 

as  soon   as  formed,  bore  into 


the  beans.  Their  presence  is 
indicated  only  by  a  small  black 
speck  on  the  skin.  In  dried 
beans,  the  weevils  are  readily 
detected  because  they  eat  away 
all  but  a  very  thin  layer  of 
outer  skin. 

The   adult   bean   weevil   5. 
obtedus,     is    about    one-sixth 
Fio.  8— The  4-spotted  Bean  Weevil,  5racAtt*;i-mfl-  inch  in  length,  grayish  brown 

cuitia:    Showing  cowpea  (a)  with  holes  made  by    j  i  i    i  \^  i       f 

weevils,  and  also  eggs  on  the  surface  :c,  embryonic  ^"  COlOr,  aUQ  nas  ine  eUQ  01 
larva.    (Chittenden,  Yearbook.  1898,   U.  S.  Dept.  of   the  abdomCn  extending  beyond 

^^'^  the  wing  covers.      Other  spe- 

cies of  bean  weevils  differ  in  size  and  coloration,  but  all  may  be  dis- 
tinguished by  the  short  wing  covers.  Fig.  8  represents  the  four 
spotted  bean  weevil,  B.  Jf-maculata. 

HEMEDIES. 

There  is  no  way  of  preventing  infestation  of  beans  in  the  field  if 
the  parent  beetles  are  present.  To  prevent  their  being  present  stored 
beans,  peas  and  cowpeas  should  be  thoroughly  fumigated  during  fall 
and  winter,  so  that  no  adult  beetles  may  escape.  The  method  of 
fumigation  is  fully  described  under  pea  weevils,  p.  48.  (See  also 
corn  weevils,  p.  39.) 

INSECTS  AFFECTING  BEETS. 

CuTwoEMs  (See  under  Bean  Insects,  p.  11). 
Flea  Beetles  (See  under  Cucumber  Insects,  p.  44). 
Web  Worm  (See  under  Cabbage  Webworm,  p.  23). 
WiREWORMs  (See  under  Com  Insects,  p.  31). 

Beet  Leaf-Miner  (Pegomyia  vicina.  Lint). 

This  insect  may  not  occur  in  North  Carolina,  but  if  not  this  par- 
ticular species,  some  similar  ones  do  occur.  The  beet  leaf-miner  U 
common  in  States  where  the  sugar  beet  is  grown  and  may  cause  con- 
siderable injury.  Many  garden  plalits  are  injured  more  or  less  by 
leaf-mining  insects,  hence  the  brief  account  here  given  of  the  beet 
leaf-miner  should  be  of  general  interest. 

Beets  and  other  plants  are  often  found  with  raised  or  blistered 
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blotches^  or  channels  in  the  leaves,  these  areas  eventually  turning 
brown  and  dying,  rendering  them  unfit  for  greens.  The  cause  of 
this  damage  is  a  small  larva  or  maggot  feeding  between  the  two  sur- 
faces of  the  leaf. 

The  adult  of  the  species  mentioned  above  is  a  two-winged  fly, 
resembling  the  common  house  fly,  only  smaller.  The  eggs  deposited 
by  these  flies  hatch  into  minute  maggots,  that  bore  at  once  into  the 
leaves.  When  grown  the  maggots  usually  leave  their  channels  to 
pupate. 

PBEVXNXrVS  KEASUBES. 

As  sprays  are  useless  to  poison  the  larv»,  the  gardener's  recourse 
is  to  destroy  the  infested  leaves.  When  beets,  turnips,  etc.,  are  used 
for  greens,  all  discarded  leaves  should  be  burned  rather  than  left  in 
the  fields.  The  insects  pass  the  winter  in  the  pupae  stage  under  leaves 
and  rubbish,  and  may  be  destroyed  by  clean  cultural  methods. 

INSECTS  AFFECTING  CABBAGE,  COLLARD  AND 
CAULIFLOWER. 

A  long  list  of  insects  are  known  to  attack  these  and  closely  related 
crops,  and  since  no  garden  operation  is  complete  without  these  valu- 
able plants,  their  insect  enemies  should  be  well  understood. 

CuTwoEMs. — (See  under  Bean  Insects,  p.  11). 

Flea-Beetles. — Poison  applications  used  against  cabbage  worms, 
p.  22,  should  also  control  the  flea-beetles.  The  reader  should  refer 
also  to  control  of  flea-beetles  on  cucumbers,  etc.,  p.  44. 

Cabbaos  Aphis  (Aphis  brassicoB,  Linn.). 

Green  lice  on  cabbage,  coUards,  and  related  crops,  familiar  to  all 
gardeners,  may  appear  early  in  the  spring,  but  are  generally  most 
abundant  and  destructive  in  late  summer  and  fall.  Particularly  is 
this  true  in  fall  after  cool  weather  commences,  and  is  due  mainly  to 
the  fact  that  natural  parasitic  enemies  are  able  to  keep  the  lice  re- 
duced to  small  numbers  during  warm  weather. 

LIPE  HISTOBT  AND  FEEDING  HABITS. 

Cabbage  aphis,  like  all  plant  lice,  feed  by  piercing  the  plant  tissue 
with  their  long,  slender  beaks  and  sucking  the  plant  juices.  When 
numerous  they  may  cause  plants  to  wither  and  die,  and  only  small 
numbers  may  serve  to  stunt  the  growth.  These  lice  multiply  very 
rapidly,  the  young  being  born  alive  by  both  winged  and  wingless 
viviparous  females.  The  winged  females  serve  to  spread  the  colonies, 
that  is,  a  single  winged  individual  may  fly  to  an  uninfested  plant  and 
start  a  new  colony.     No  true  males  and  females  are  present  during 
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the  summer  months,  but  are  developed  by  the  last  brood.  A  winged 
male  is  shown  in  Fig.  9,  a.     The  true  females  develop  eggs  that  serve 

to  carry  the  species  through 
the  winter.     Colonies  of  cab- 
K    QS^  ^^S^  ^^^  ^^  usually  more  or 

less  covered  with  a  white 
powder,  which  they  secrete, 
and  great  numbers  of  molted 
skins  are  always  present. 

PARASITES. 
Pig.  9.-<Jabbage  Louse:  a,  winded  male;  6,  wingless         Were    it   not   for   the   num- 

femaie-mucheinarged.  ^yev  and  activity  of  parasitcs 

attacking  the  cabbage  aphis,  this  would  be  a  very  serious  pest.  Preda- 
ceous  parasites,  such  as  lady-bird  beetles  and  their  laxvse,  and  aphis 
lions,  together  with  internal  parasites  belonging  to  the  Hymenopterous 
insects,  usually  serve  to  keep  the  aphis  down  to  comparatively  small 
numbers  during  warm,  dry  weather  in  summer.  Later,  the  lice  be- 
come more  numerous,  mainly  because  their  parasites  are  not  so  active 
or  else  they  stop  work  entirely  because  of  the  cold  weather. 

REMEDIES. 

Soap  Solution, — For  all  lice,  as  previously  stated,  contact  sprays  of 
sufficient  strength  are  effective.  It  is  surprising  how  easy  the  cab- 
bage lice  may  be  killed  with  soap  solution,  which  acts  by  suffocation 
and  caustic  effect.  Ordinary  strong  potash  washing  soap,  or  pow- 
der, will  do  the  work.  Dissolve  one  pound  in  about  four  gallons  of 
water  and  apply  to  infested  plants  with  considerable  force  and  in 
liberal  quantities.  The  lice  are  often  so  thickly  massed  together  that 
those  underneath  will  escape  unless  the  solution  is  applied  as  a  fine 
spray  and  with  force.  A  spray  pump  is  quite  necessary  and  ?hon!d 
be  provided  with  a  short  hose  and  extension  rod  with  a  curved  nid, 
in  order  to  throw  the  spray  on  the  under  sides  of  the  leaves.  Failin-i 
in  this,  the  leaves  must  be  turned  over  and  the  colonies  of  lice  satu- 
rated with  the  solution.  Simply  sprinkling  the  tops  of  infested  plants 
does  very  little  good. 

Other  Contact  Sprays. — Kerosene  emulsion  of  10  part  concrntra- 
tion,  tobacco  decoction,  pyrethrum  powder  and  whale  oil  soap  (See  p. 
63  for  direction  for  preparing)  are  all  good  remedies,  but  not  supe- 
rior to  common  soap  solution  when  properly  applied. 

Terrapin  or  Harlequin  Bug  (Murgantia  hist*xonica,  Hahn,). 

This  gayly  colored  plpnt  bug,  so  common  and  destructive,  is  another 
sucking  insect,  feedinc'  on  the  plant  juices.  Its  attack  is  more  se- 
rious than  the  plant  lice  because,  in  addition  to  sucking  the  sap,  it 
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injects  into  the  plant  tissue  a  poison  that  causes  the  foliage  to  turn 
brown,  shrivel  and  die.  A  very  few  terrapin  bugs  may  kill  young 
plants.     They  attack  all  cruciferous  crops. 

DESCBIPTION  AND  HABITS. 

Adult  Bugs. — The  fully  grown  bugs  are  about  three-eighths  inch  in 
length,  and  one-fourth  inch  wide.     The  head  is  short,  with  the  long 

beak  springing  from  beneath 
and  lying  between  the  legs  when 
not  in  use.  The  body  presents 
a  blunt,  broad-shouldered  ap- 
pearance. The  general  color  is 
black  with  orange  or  yellow 
markings.    (See  Fig.  10.) 

The  adults  live  in  hibernation 
during  winter  in  any  protected 
place. 
/  0  Eggfi. — ^Are  usually  laid  on 

Fig.  10.— Terrapin  Buff:  a  and  A,  nymphs  ;c,  eggs;    the  UUdcr  sidcS  of  the  IcaVCS  in 
d,  eggs  ealarged ;  /and  g,  adult  bugs.  i      i  i  4>  i  i 

double  rows  of  twelve,  as  shown 
in  Fig.  10,  e.  Each  e^  appears  barrel-shaped  and  is  marked  by 
black  bands.  Fig.  10,  d. 

Nymphs. — The  young,  called  nymphs,  resemble  the  adults  except 
that  they  are  smaller  and  lack  wings.  In  this  stage  they  have  com- 
paratively soft  bodies  and  succumb  to  strong  contact  sprays. 

REMEDIES  AND  PREVENTION. 

Old  fields  of  coUards  and  similar  crops  are  veritable  feeding 
grounds  for  terrapin  bugs.  By  thorough  cleaning  up  of  such  fields 
in  fall  mudi  trouble  may  frequently  be  averted.  Strict  cleaning  up 
and  burning  of  all  stray  plants  and  rubbish  about  gardens  and  fence 
corners  during  winter  will  destroy  many  hibernating  adults. 

Trap  Plants. — The  adult  bugs,  first  appearing  in  spring,  scorn  to 
be  partial  to  mustard,  radish  and  rutabaga  plants,  and  these  may  bo 
planted  early  and  used  as  trap  plants.  Only  a  few  are  necessary. 
The  bugs  that  gather  on  such  plants  may  be  collected  by  hand  or 
shaken  into  a  pan  containing  a  little  kerosene,  and  when  eggs  are 
deposited  and  nymphs  appear  they  may  be  killed  by  spraying  with 
15  per  cent  kerosene  emulsion,  or  with  pure  kerosene,  but  the  latter 
will  kill  the  plants.  When  the  trap  plants  become  too  badly  infe.^ted, 
they  may  be  pulled  and  burned.  Persistent  warfare  in  early  spring 
should  so  reduce  the  nimiber  of  bugs  as  to  protect  the  later  crops. 

Kerosene  Emulsion. — ^Wh(  n  used  liberally  of  15  per  cent  concen- 
tration (See  p.  63)  this  will  kill  all  the  youn^:  and  nearly  mature 
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nymphs  that  it  comes  in  contact  with  and  will  kill  some  adult  bugs. 
Before  the  wings  are  developed,  the  bugs  are  not  so  difficult  to  kill. 
Two  or  three  such  sprayings  at  intervals  of  five  or  six  days  should 
nearly  exterminate  the  bugs,  even  on  badly  infested  crops. 

When  spraying  with  emulsion,  many  bugs  drop  from  the  plants  to 
the  ground,  and  should  be  thoroughly  saturated  where  they  lie,  and 
this  is  quite  important,  as  very  few  will  live  to  return  to  the  plants. 
Kerosene  emulsion  must  be  properly  prepared,  so  that  the  oil  does  not 
readily  separate,  otherwise  the  plants  may  be  injured  by  the  spray. 

CABBAGE  WORMS. 

No  less  than  five  distinct  species  of  leaf-eating  worms  are  annually 
present,  and  are  quite  injurious  to  cabbage,  coUard,  turnip  and  re- 
lated plants.  One  species,  the  cabbage  web  worm,  has  never  before 
been  reported  as  occurring  in  North  Carolina,  In  addition  to  the 
five  different  worms  mentioned  below,  cabbage  and  related  crops  may 
at  times  be  attacked  by  the  larv»B  of  the  Southern  cabbage  moth,  zebra 
caterpillar,  army  worm,  com  worm,  yellow  woolly  bear,  and  possibly 
other  minor  leaf -eating  pests.  The  following,  however,  are  the  only 
ones  that  the  gardener  need  fear : 

Imported  Cabbage  Wobm  (Pontia  rapes,  Linn,). 

As  the  name  implies,  this  destructive  pest  was  introduced  into  this 
country  from  Europe,  first  appearing  in  tiie  United  States  about  1865. 
It  is  now  prevalent  throughout  North  America  and  Europe.  Al- 
though an  introduced  pest  it  has  far  outstripped  in  numbers  the  na- 
tive cabbage  worm,  described  further  on. 

DESOBIPTION  AND  HABITS. 

Parent  Bviterfly. — The  parent  of  the  imported  cabbage  worm  is  a 
white-winged,  active,  day-flying  butterfly.  The  majority  of  the  white 
butterflies  that  hover  about  cabbage  and  coUard  fields  on  bright,  sunny 
days  are  the  adults  of  this  species. 

The  female  butterflies  have  white  wings  expanding  about  one  and 
three-fourths  inches,  the  front  wings  having  a  black  spot  at  the  tip 
and  two  black  dots  near  the  center,  while  the  hind  wings  have  only 
one  black  dot  near  the  front  margin  (Fig.  11).  The  males  differ  in 
having  only  one  black  dot  on  the  forewings,  but  otherwise  closely  re- 
sembling the  females.  The  butterflies  deposit  eggs  on  all  cruciferous 
crops,  but  particularly  on  coUard,  cabbage,  and  cauliflower. 

Eggs. — These  are  laid  on  the  under  sides  of  the  leaves;  they  are 
oval  in  shape,  white  at  first,  but  soon  assume  a  yellow  color,  and  hatch 
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in  four  to  eight  days. 
They  may  be  easily  lo- 
cated on  the  plants  by 
watching  the  female 
butterfly  as  she  deposits 
them  one  at  a  time. 

LarvoB, — The  larvae  or 
young  worms  feed  on 
the  lower  surface  of  the 
leaves,  or  in  the  open- 
ing bud,  and  rapidly  in- 
crease in  size,  attaining 
full  growth  in  about  two 
weeks.  They  then  ap- 
pear green  in  color,  one 
and  one-fourth  inches 
long,  with  a  pale  yellow 
stripe  along  the  middle 
of  the  back.  The  body 
is  clothed  in  short  hairs, 
giving  it  a  velvety  green 

fruipended;  (Chittenden,  Cfar.  60,  Bur.  of  Knt.,  U.  8.  Dept.  of  appearance.     They  mOVe 

slowly  without  lifting 
the  body,  which  they  are  enabled  to  do  by  possessing  eight  pairs  of 
legs.     This  species  seems  to  prefer  to  feed  on  the  central  leaves. 

PupcB. — The  grown  larvae  change  to  naked  pupae  suspended  to  the 
underside  of  a  leaf  by  a  silken  cord  about  the  body  and  the  tip  of  the 
abdomen  attached  to  a  mat  of  silk.  Fig.  11,  d,  represents  a  pupa 
suspended,  but  not  in  its  natural  condition.  The  pupae  are  irregular 
in  shape,  light  green,  and  inactive  except  for  being  able  to  wriggle 
the  abdomen  when  disturbed. 


Fig.  11.— Imported  Cabbage  Wonn :  «,  female  butterfly ;  6, 
egK— much  enlarged,    e,  larva  in  natural  position ;  d,  pupa 


LIFE  HISTOBY. 

PupcB,  also  known  as  chrysalides,  of  the  last  fall  brood,  live  through 
the  winter.  In  the  spring  they  transform  into  butterflies,  which  soon 
commence  to  deposit  eggs.  In  warm  weather  the  entire  life  cycle 
from  egg  to  butterfly  is  completed  in  about  thirty  days,  or  less,  so  that 
five  or  six  broods  may  develop  during  the  year  in  the  South.  There 
are  three  broods  in  the  New  England  States. 

This,  we  see,  is  an  insect  having  four  distinct  stages  of  develop- 
ment as  already  described,  and  naturally  the  larval  or  feeding  stage 
is  the  time  when  it  may  be  destroyed  most  readily,  although  adults 
may  be  caught  in  nets,  and  pupae  sought  for  and  destroyed. 
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REMEDIES. 

Poison  Sprays. — A  prejudice  seems  to  exist  against  the  use  of 
poison  sprays  on  cabbage,  coUard,  etc,  but  it  is  largely  without  foun- 
dation. Gannan,  Entomologist  of  Kentucky,  has  made  exhaustive 
experiments  with  Paris  green  mixture  and  found  that  it  may  be  used 
safely  if  reasonable  care  be  exercised  in  its  application.  Certainly 
the  arsenical  sprays  are  more  effective  against  the  worms  than  most 
other  remedies  on  young  and  half  grown  plants.  Garman  sprayed 
cabbages  four  times  with  Paris  green  mixture,  using  as  much  as  one 
pound  of  Paris  green  in  one  hundred  gallons  of  water,  and  about  two 
weeks  after  the  last  application  he  had  entire  cabbage  heads,  outer 
leaves  and  all,  subjected  to  chemical  analysis.  Only  a  slight  trace  of 
poison  could  be  detected ;  not  enough  to  poison  a  person  under  any 
conditions.  As  cabbages  grow  from  the  inside  outward,  and  the  outer 
leaves  are  always  removed  before  cooking,  the  writer  does  not  hesitate 
to  recommend  the  use  of  arsenical  sprays  until  within  three  or  four 
weeks  of  the  time  when  such  plants  will  be  eaten.  Cruciferous  plants 
grown  for  greens  alone  may  be  poisoned  also,  using  the  same  precau- 
tion. Resin-lime  mixture,  or  Paris  green-lime  mixture,  as  recom- 
mended under  formulas,  page  62,  will  suffice  to  keep  this  and  other 
cabbage  worms  in  control.  Four  annual  sprayings  are  usually  suffi- 
cient. 

Fresh  hellebore  acts  as  a  poison  both  by  contact  and  internally. 
It  may  be  dusted  on  infested  plants  every  two  or  three  days,  or  used 
as  a  liquid  spray. 

Contact  Sprays. — Cabbage  worms,  being  soft-bodied  and  breathing 
through  pores  in  the  body,  will  succumb  to  contact  sprays  such  as  ten 
per  cent  kerosene  emulsion,  strong  soap  solution,  or  by  dusting  with 
common  ar-slaked  lime  or  ashes.  Hand  picking  of  worms  from  small 
areas  is  often  advisable. 

Preventive  Measures  and  Trap  Crops. — All  remnants  of  crucife- 
rous plants  should  be  removed  from  the  gardens  and  fed  to  stock  or 
burned  as  soon  as  the  crop  is  gathered,  especially  during  late  fall  and 
winter,  for  the  destruction  of  such  plants  will  destroy  many  over- 
wintering pupsB  of  the  imported  cabbage  worm,  and  also  those  of 
nearly  all  injurious  cabbage  worms.  Trap  plants  may  be  left  in  the 
field  in  fall  to  attract  the  butterflies  to  deposit  eggs,  but  these  should 
be  freely  poisoned  and  destroyed  entirely  before  spring. 

Parasites. — Several  parasitic  enemies  assist  in  keeping  the  im- 
ported cabbage  worm  in  control. 

Native  Cabbage  Worm  (Pontia  protodice,  Bd.). 

Unlike  the  cabbage  worm  just  described  this  is  a  native  North 
American  species,  and  is  said  to  be  more  abundant  in  tibe  South  than 
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in  the  North.  Near  Ealeigh  during  October,  1907,  no  worms  of  this 
species  could  be  found,  but  earlier  in  the  season  they  were  probably 
numerous.  Doubtless  the  parasites  got  very  active  and  nearly  exter- 
minated this  species  in  this  section  last  fall. 


Fig.  12.— Native  Cabbage  Wonn :  a,  larva ;  b,  pupa. 
( Yearbook,  1888.  U.  S.  Dept  of  Agr.) 


DESCRIPTION  AND  LIFE  HISTORY. 

The  adult  male  butterflies  resemble  the  imported  species,  already 
described,  in  size  and  color,  but  differ  in  having  four  angular  spots  on 

the  front  wings  and  small 
black  marks  near  the  tip, 
while  the  hind  wings  are  not 
marked.  The  females  differ 
very  greatly  in  having  both 
pairs  of  wings  liberally  check- 
ered with  angular  black  spots. 
The  eggs  are  laid  singly  on 
the  undersides  of  the  leaves. 

The  larva?  (worms)  are 
greenish  or  purple  in  color 
and  differ  from  the  preceding 
form  by  having  four  longitu- 
dinal pale  yellow  stripes  along  the  back.  The  head  and  body  are 
dotted  with  black.  The  pupse  resemble  those  of  the  imported  species 
and  are  similarly  attached  to  the  leaves  (Fig.  12). 

The  life  history  of  this  species  is  practically  the  same  as  that  of 
the  imported  cabbage  worm. 

REMEDIES. 

The  remedy  is  the  same  as  for  the  imported  species  and  one  can 
not  well  be  controlled  without  destroying  the  other. 

Parasites. — Several  beneficial  parasites  attack  the  native  cabbage 
worm,  often  rendering  other  remedial  measures  unnecessary. 

Cabbage  Webworm:  (Hellvla  undalis.  Fab.). 

Another  imported  pest  of  cruciferous  crops  is  the  webworm,  a  most 
injurious  species,  new  to  North  Carolina,  and  of  a  comparatively  re- 
cent occurrence  in  North  America.  The  writer  first  discovered  this 
pest  quite  abundant  on  turnips  at  West  Ealeigh  in  October,  1907, 
and  it  appears  never  to  have  been  discovered  previously  in  any  part 
of  this  State.  The  webworm  had  of  course  been  here  all  through 
1907  and  probably  one  or  two  years  before,  but  without  being  detected. 

HISTOBY   OF   THE   CABBAGE   WEBWOBM. 

This  insect  was  discovered  in  injurious  numbers  near  Augusta,  Ga., 
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in  1898,  but  had  been  observed  there  the  previous  year.  In  Rich- 
mond County,  Ga.,  in  1898,  the  damage  caused  by  vsrebworms  to  tur- 
nips, cabbage,  beets,  etc.,  was  estimated  conservatively  at  $20,000, 
and  by  some  persons  as  high  as  $50,000.  This  serious  outbreak  led 
to  an  investigation  by  the  Bureau  of  Entomology,  Washington,  D.  C, 
which  brought  out  the  fact  that  the  same  insect  had  appeared  near 
Charleston,  S.  C,  in  1895,  considerable  damage  in  that  vicinity  being 
reported  also  in  1896.  Three  years  later,  in  1899,  injury  from  web- 
worms  was  reported  from  Auburn,  Ala.,  and  Athens,  Ga.,  but  the 
damage  near  Augusta,  Ga.,  was  not  nearly  so  great  as  it  had  been  in 
the  year  1898. 

From  the  information  available  it  is  thought  that  the  cabbage  web- 
worm  was  first  introduced  near  Charleston,  S.  C,  and  spread  from 
there  to  Augusta,  Ga.  Now  that  it  has  been  found  at  West  Raleigh 
there  is  every  reason  to  believe  that  in  many  places  in  North  Carolina 
it  already  has  a  good  foothold.  Therefore  our  farmers  and  gardeners 
should  study  the  following  description  and  learn  to  recognize  the  pest 


INJUBY  CAUSED  BY  WEBWOBMS. 

The  worms  seem  to  prefer  feeding  in  the  bud  of  young  plants  or 
on  the  undersides  of  the  leaves,  or  in  the  crown  of  plants  like  turnips 

and  beets.  On  turnips, 
they  may  burrow  into 
the  crown,  making  shal- 
low channels,  and  also 
eat  off  the  leaves  at  their 
bases.  The  worms  cover 
themselves  with  a  web, 
probably  remaining 
under  it  most  of  the 
time,  though  they  may 
leave  it  at  night  to  feed. 
When  grown  the  worms 
spin  silken  cocoons, 
which  are  usually  im- 
bedded in  a  mass  of 
web.  Young  plants  are 
prevented  from  growing 
by  the  worms  eating  the 
bud,  and  older  plants  may  be  ruined  in  a  few  days  if  the  worms  are 
abundant.  The  presence  of  webworms  is  indicated  by  webs  between 
the  bases  of  the  leaves  of  cabbage,  collard,  etc,  and  in  the  crown  of 
beets  and  turnips.     The  worms  may  usually  be  found  under  the  webs. 


Fig.  13.— Cabbage  Webworm :  a,  parent  moth ;  6.  and  c, 
larvae:  d,  pupa— all  8  times  natural  size.  (Chittenden, 
Bui.  19,  Bur.  of  Ent.,  U.  S.  Dept.  of  Agr.) 
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DESCEIPTION  AND  HABITS. 

Eggs. — Eggs  are  laid  singly  or  in  masses,  according  to  Chittenden/ 
and  are  at  first  white,  changing  to  pink ;  the  shape  is  oval,  size  small, 
but  discernible  to  the  naked  eye ;  they  hatch  in  three  to  four  days. 

Larvce, — Full  grown  webworms  are  quite  distinctive  in  appearance. 
They  measure  a  little  over  one-half  inch;  color  yellowish  gray, 
marked  above  by  five  noticeable  brownish  stripes  (Fig.  13,  b,  c) ; 
body  dotted  by  a  few  yellowish  or  brownish  hairs.  The  larvae  have 
eight  pair  of  1^,  three  pair  true  legs  in  front  and  five  pair  pro-legs 
behind. 

Pupce. — These  are  not  readily  found  because  of  being  enclosed  in 
tough  silken  cocoons  spun  between  the  leaves  or  in  the  crown  of  tur- 
nips and  beets.  The  pupse  are  shiny  yellowish  brown  in  color,  and 
are  about  three-tenths  of  an  inch  in  length  (Fig.  13,  d).  As  they 
pass  the  winter  in  this  stage  an  excellent  opportunity  is  presented  to 
reduce  their  numbers  by  clean  cultural  methods. 

Parent  Moths. — In  general  shape  and  markings  the  moth  is  well 
shown  in  Fig.  13,  a,  'much  enlarged.  The  true  size  is  about  three- 
fourths  inch  when  wings  are  expanded,  but  when  resting  with  wings 
folded  over  the  body  they  appear  much  smaller.  .  The  fore-wings  are 
gray,  marked  with  both  darker  and  lighter  stripes  and  spots.  Hind 
wings  are  lighter  in  color.  The  moths  fly  and  deposit  ^gs  at  night, 
and  hide  during  the  day. 

Generations. — ^No  definite  information  concerning  the  number  of 
annual  broods  for  North  Carolina  is  available.  We  do  not  know 
how  early  the  webworms  become  abundant,  nor  much  about  their  life 
history.  On  this  point,  and  many  others,  the  writer  hopes  to  get 
definite  information  this  coming  summer  Ir^  field  and  laboratory  ob- 
servations. The  life  cycle  as  determined  by  Chittenden  is  about  27 
days,  but  will,  no  doubt,  be  found  to  vary. 

REMEDIES. 

Arsenical  Poisons, — Poisons  if  effective  must  be  applied  early,  for 
when  the  protecting  webs  have  been  spun,  poison  sprays  will  not  be  of 
value.  If  the  worms  are  detected  when  they  first  appear,  some  of 
them,  and  especially  succeeding  broods  of  larvse  may  be  poisoned. 
In  other  words,  a  poison  spray  applied  thoroughly  so  as  to  penetrate 
well  in  between  the  bases  of  the  leaves  where  the  webworms  com- 
mence to  feed 'will  kill  many  of  the  young.  For  this  spray,  it  would 
be  best  to  use  Paris  green,  at  a  strer^h  of  1  pound  to  125  gallons  of 
water  with  lime  (See  p.  60)  or  arsenate  of  lead  at  the  usual  strength. 
Dry  dust  poison  applications  may  answer  the  same  purpose  if  applied 

» Borean  of  Ent.  Bui.,  23,  p.  59. 
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with  a  good  powder  dust  gun  that  will  throw  the  mixture  forcibly 
into  all  crevices.  As  soon  as  the  first  worms  appear  apply  poison 
liberally. 

Trap  Crops, — ^Webworms  seem  to  prefer  cabbage  and  turnips, 
hence  it  would  seem  that  these  might  be  planted  early  and  thoroughly 
poisoned  to  destroy  the  early  broods.  This  would  be  a  great  pro- 
tection to  later  crops  of  similar  and  related  plants. 

Clean  Culture. — Webworms  may  undoubtedly  be  prevented  from 
increasing  in  numbers  by  carefully  burning  or  feeding,  if  suitable,  all 
remnants  of  infested  plants  during  fall  and  winter.  When  early 
crops  are  infested  bum  or  feed  the  plants  when  the  crop  is  gathered. 
Such  practice  is  advisable  against  other  cabbage  worms  that  pupate  on 
the  plants  and  winter  in  that  condition. 

Cabbage  Looper  (Autographa  brassiccB,  Riley). 

This  is  probably  the  moat  injurious  cabbage  worm  in  North  Caro- 
lina.     Cabbages,   collards,   and   rutabaga  turnips   are  often   almost 

stripped     of    their    outer 
o  leaves,  and  the  worms  may 

bore  into  the  cabbage 
heads.  They  move  by  a 
looping  motion,  rendering 
them  easily  recognized 
from  the  otiier  common 
cabbage  vorms. 

DESCEIPTIOW    AND    HABITS. 

Eggs. — Are  small,  pale 
green,  roimd  and  flattened 
on  one  side  with  convex 
side  up,  and  are  deposited 
singly  or  in  small  clusters 
by  the  female  moths  about 
sundown  or  at  night 

LarvoB. — ^W hen    full 

Fig.  14.-CabbaKe  Looper  (^.  5rr/«jrtca);  a.malcmoth;   grown    they    are    One     and 

6.  ejsf;  (two  views ) ;  c,  larva  in  natural  posiUon ;  d.  pupa   nriA-lifilf  iTinbpS    «r  morc^    in 
under  thin  cocoon— a,  c,  d.  slightly  enlarged ;   *,  more    One-nail  lUCnes,  IM"  mw^  la. 

enlaced.  ( Chittenden,  Bui.  83.  Bur.  of  Ent.,  u.  s.  Dept.  length,  pale  green,  marked 

with  four  fairly  distinct 
stripes  along  the  back.  Less  distinct  longitudinal  lines  also  occur. 
The  body  is  smallest  at  the  anterior  end  and  bears  three  pairs  of  true 
legs  on  the  first  three  segments,  and  three  pair  of  pro-legs  near  the 
caudal  end,  one  pair  being  on  the  last  body  segment  (Fig  14,  c). 
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Because  of  not  having  pro-legs  in  the  middle  of  the  body  these  cater- 
pillars move  with  a  semi-looping  motion,  much  like  the  familiar 
"inch  or  measuring  worm." 

PupoB  and  Cocoons,  The  larvsB  change  to  pupse  under  thin  silken 
webs  on  the  under  sides  of  the  leaves,  as  shown  in  Fig.  14,  d.  The 
pup®  are  about  one-half  inch  long,  shiny  brownish  in  color,  and  may 
be  seen  through  the  thin  webs. 

Parent  Moths, — From  the  pupse,  moths  as  shown  at  Fig.  14,  a 
emerge  to  lay  e^s  for  the  succeeding  brood.  The  moths  have  a 
wing-expanse  of  nearly  one  and  one-half  inches;  fore-wings  grayish 
brown  and  marked  by  a  silvery  dot  and  loop  near  the  center;  hind 
wings  are  lighter.  They  fly  at  night  or  about  sundown,  and  hence 
escape  observation. 

Generations  and  Winter  Stage, — Several  generations  occur  each 
year  and  are  checked  only  by  cold  weather.  The  last  brood  passes 
the  winter  as  pupse,  which  shows  that  fall  and  winter  destruction  of 
old  infested  plants  should  be  practiced. 

REMEDIES. 

All  remedial  measures,  trap  plants,  clean  culture,  etc.,  suggested 
above  to  be  used  against  the  imported  cabbage  worm,  should  be  em- 
ployed against  this  species. 

Diamond  Back  Moth  or  Cabbage  Plutella  (Plutella  maculipenr 

nis,  Curtis). 

Although  a  small  worm,  this  species  may  cause  considerable  dam- 
age by  feeding  on  the  undersides  of  the  leaves  and  producing  small, 
round  holes.  They  do  not  often  cut  through  to  the  upper  surface. 
The  larvsB  much  resemble  the  young  imported  cabbage  worms,  but 
may  be  distinguished  from  them  by  being  extremely  active  if  dis- 
turbed. 

The  parent  moths  are  only  about  one-fourth  inch  in  length  and  are 
seldom  seen.  They  lay  minute  whitish  eggs,  which  hatch  within  a 
few  days.  The  larvae  are  a  little  over  one-fourth  inch  in  length,  of  a 
pale  green  color,  and  when  grown  encase  themselves  in  white  cocoons, 
which  are  attached  to  the  leaves.  There  may  be  several  broods  during 
each  season. 

REMEDIES. 

Poison  Spray,  as  previously  recommended,  is  eflPective,  and  Gar- 
man  states  that  tar-water  has  been  found  very  effective  in  European 
countries.  The  winter  is  passed  in  the  pupa  stage,  hence  clean  cul- 
ture is  most  advisable. 
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Cabbage  Root  Maggot  (Pegomyia  hrassicoB,  Bouche). 

Small,  white  footless  maggots  sometimes  infest  the  roots  and  base 
of  cabbages  and  radishes  and  other  related  crops.  There  are  prob- 
ably two  or  three  species  of  cabbage  maggots  in  North  Carolina,  but  a 
description  of  the  one  mentioned  above  will  serve  to  give  the  gardener 
or  trucker  an  idea  of  these  pests  and  their  habits. 

DESCRIPTION  AND  LIFE  HISTORY.^ 

Maggots  are  the  young  or  larvse  of  two- winged  flies  (Fig.   15). 
This  species  somewhat  resembles  the  common  house  fly,  only  they  are 
,  much  smaller.     They  pass 

)VV(  T     ,  the    winter    as    adults    or 

1  pupae,   the   latter   remain- 

ing close  to  the  roots  of  the 
plants  on  which  the  mag- 
^;\  ^P^   /       j^   gets  subsisted.      The  flies 
appear  in  spring  at  about 
^I      JlWJ'i  j/     i<^?s/     ^^    *^™®    young    cabbage 

^V     y'^e^i^^sf         plants  are  set  out,  and  lay 
ySC^^^-'^r'         ®^^  ^^  their  stems  or  on 
#2  f      V  ^Sj/  *^^  ^^^^  ^'^^^  ^y*  ^^^  mag- 

gots   feed    on    the    outer 

V  i  vf ^^  ij -T^S*       CZ7  roots,  or  stems  when   the 

^^  f  1  H^ldJ/    /^  ^  latter  is  not  too  tough  and 

Miii*'^     Hir  hard. 

Fig.  15.-€abba^  Maggot :  a,  larva ;  6,  pupa ;  o,  adult  The     presence     of     mag- 

^^  '  gots  is  indicated  by  wilt- 

ing and  drooping  leaves,  and  a  general  weakened  appearance  of  the 
plants.  It  is  said  that  plants  infested  when  young  will  surely  die, 
unless  some  good  remedial  measure  is  applied. 

BEMEDIES  AND  PREVENTION. 

Tobacco  diLst  applied  liberally  about  the  plants  when  first  set  out 
is  of  some  benefit  as  a  repellent. 

Carbolic  add  emulsion  as  recommended  against  the  onion  maggot, 
p.  47,  may  be  used  as  a  repellent. 

Quick  Acting  Fertilizer. — Concerning  the  use  of  fertilizers  Dr. 
Smith  says:  "A  combination  recommended  consists  of: 

Nitrate  of  Soda 700  lbs. 

Acid  Phosphate    1,000  lbs. 

Muriate  of  Potash 300  lbs. 

»N.  J.  Sta.  Bui.,  200.  ^  , 
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"The  practice  of  plowing  away  from  onion  rows  when  infestation 
was  noted  and  applying  the  above  combination,  or  even  nitrate  of 
soda  alone,  has  been  followed  with  good  results  in  Cumberland 
County,  but  has  failed  on  heavier  soils  where  the  fertilizer  did  not 
get  so  quickly  through  the  soil,  and  into  direct  contact  with  the 
plants  and  maggots.  Both  the  nitrate  of  soda  and  the  muriate  have 
insecticidal  qualities,  but  the  acid  phosphate  has  none.  Manure  and 
organic  fertilizers  should  be  avoided,  if  possible,  as  the  group  of  in- 
sects to  which  these  root  maggots  belong  are  naturally  feeders  in 
decaying  matter,  and  hence  such  conditions  tend  to  invite  them." 

Prevention, — Pull  up  and  bum  or  otherwise  completely  destroy 
all  stumps  of  plants,  of  whatever  crop  may  have  been  attacked  by 
maggots.  Practice  rotation  of  crops,  for  flie  parent  insects  do  not 
fly  very  far.  The  cabbage  maggot  will  breed  in  wild  cruciferous 
plants,  including  some  common  weeds,  such  as  mustard,  hence  all 
such  should  be  destroyed.  A  good  precaution  when  setting  cabbage, 
or  similar  plants,  is  to  press  the  soil  firmly  about  the  stem,  as  it  will 
help  to  retard  the  maggots,  when  hatched,  from  getting  down  to  the 
soft  roots. 

Planting  an  excess  of  seed  when  drilled  in  rows  may  insure  get- 
ting a  stand  even  where  a  large  number  of  plants  are  attacked  by  mag- 
gots. The  plants  that  become  infested  should  be  pulled  out  and  de- 
stroyed. The  reader  should  refer  also  to  p.  47  concerning  treat- 
ment for  the  onion  maggot. 

Cabbage  Snake  (Mermis  albicans^  Diesing). 

During  recent  years  much  excitement  has  been  caused  by  the  dis- 
covery of  slender,  white  worms  in  cabbage  heads,  known  as  "cabbage 

snakes,"  and  which  have  been 
reported  as  being  deadly  poison. 
How  such  accounts  have  origi- 
nated it  is  hard  to  realize.  The 
"cabbage  snake,"  so  called,  com- 
monly found,  is  shown  in  Fig. 
16.  It  is  an  "eel-worm"  or 
'^air  worm,"  and  occurs  as  an 
internal  parasite  in  the  bodies 
of  grasshoppers,  happening  at 
times  to  escape  from   its  host 

Fio.  16.— "Cabb««  Snake"  or  Hair- Worm:        OntO  Cabbage  hcads,  which  aloue 
Natural  sl«e.     (Chittenden,  Clr   62,  Bur.  of  j.     .c        -x  j.1. 

Ent.u.8.DeptofAgr.)  accouuts  for  its  prcscnco  there. 

These  slender,  thread-like  crea- 
tures are  active  and  repulsive  looking,  but  never  poisonous. 

Small,  segmented,  reddish  earthworms  occasionally  get  into  cab- 
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bage  heads,  by  being  accidentally  lodged  there  with  small  dods  of 
earth  during  cultivation.  There  is  no  danger  from  eating  cabbage 
that  have  contained  these  worms,  or  the  common  "cabbage  snake.*' 

INSECTS  AFFECTING  THE  CELERY  PLANT. 

Cutworms. — (See  under  Bean  Insects,  p.  11). 

Celeby  Caterpillab  (Papilio  polyxenes^  Fab.). 

This  is  a  very  large,  conspicuous  green  and  black  caterpillar,  fa- 
miliar to  many  children  because  of  its  peculiar  appearance.  It  sel- 
dom appears  in  great  numbers,  but  if  present  is  a  voraceous  feeder 
on  various  plants,  including  celery,  carrot,  parsley,  caraway,  parsnips, 
and  related  wild  plants. 

DBSCBIPTION  AND   HABITS. 

Caterpillars. — Are  about  two  inches  in  length,  green  in  color,  \^th 
rings  of  black,  which  in  turn  bear  yellow  spots.  The  head  bears  a 
pair  of  horn-like  processes  that  may  be  thrust  out  and  which  emit  a 
disagreeable  odor.  The  body  is  thrown  into  a  peculiar  defensive  like 
attitude  when  disturbed. 

PupoB. — ^When  full  grown  the  caterpillars  generally  desert  the 
plants  on  which  they  fed  and  crawl  to  some  convenient  place  to 
pupate.  The  pupsB  are  naked,  of  an  ash-gray  color,  and  are  sus- 
pended by  a  silken  band  and  mat  of  silk  at  the  caudal  end.  In  this 
quiescent  stage  they  pass  the  winter. 

Parent  Butterfly. — The  adult  form,  commonly  known  as  the  'T)lack 
swallow-tail,"  is  very  conspicuous.  The  wings  are  blackish-brown, 
and  marked  with  yellow  and  orange  bands  and  spots. 

remedies. 

As  thoro  m-^y  ho  several  broods  each  season  the  gardener  should  be 
on  the  watch  for  their  first  appearance.  The  caterpillars  are  so  con- 
spicuous tliat  band  picking  is  probably  the  best  remedy,  and  if  the 
larva?  of  the  first  brood  are  destroyed  later  injury  may  be  prevented. 
Paris  ^een  niixtnro  (See  p.  60)  will  be  found  effective  and  might 
be  used  with  profit  on  the  young  plants  in  extensive  celery  fields. 

Other  Caterpillars  Attacking  Celery. 

Celery  Looper,  Plvsia  simplex,  closely  related  to  the  cabbage  looper, 
and  the  celery  leaf-tyer,  Phlyctcpnia  ferrugalis,  is  a  small  caterpillar 
that  usually  feeds  on  the  terminal  leaves  and  may  at  times  become 
troublesome.  Spraying  young  plants  with  arsenical  poisons  should 
prove  effective,  and  is  perfectly  safe  if  the  poison  is  used  in  reason- 
able amounts. 
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Celeby  Lice. 

Celery  is  occasionally  infested  with  plant  lice  of  various  species, 
whose  attack  results  in  lessened  vitality  and  dwarfed  plants.  Should 
this  occur,  a  thorough  spraying  with  soap  solution,  as  suggested  for 
cabbage  aphis,  p.  18,  will  be  found  effective.  Soap  solution  may 
be  applied  frequently  without  injury.  Tobacco  decoction  is  always 
quite  effective  against  plant  lice. 

Bed  Spider  (Tetranychus  spp.). 

These  little  creatures,  frequently  called  mites,  are  not  true  insects. 
They  are,  however,  a  very  common  garden  pest,  and  attack  at  times 
almost  any  vegetables,  particularly  cucumbers,  cantaloupes,  egg  plants 
and  many  common  crops.  They  are  most  abundant 'during  hot,  dry 
weather,  and  then  if  present  they  cause  the  foliage  to  turn  yellow 
and  eventually  die.  The  individuals  are  very  small  and  rather  active ; 
and  may  feed  on  both  upper  and  lower  surfaces  of  a  leaf,  spinning 
over  it  a  thin  web  for  protection. 

remedies. 

Abundant  moisture  will  keep  red  spiders  in  check.  When  a  good 
spray  or  force  pump  is  available,  they  may  be  controlled  by  simply 
making  frequent  applications  of  ordinary  clear  water,  applied  with 
all  the  force  the  plants  will  endure,  washing  both  sides  of  the  leaves. 
This  method  is  used  in  greenhouses,  to  keep  the  mites  off  of  violets, 
roses  and  other  plants. 

Powdered  sulphur  (flowers  or  flour  of  sulphur)  applied  as  a  fine 
spray,  using  one  ounce  of  sulphur  in  a  gallon  of  water  or  the  dry 
powder  dusted  on  the  plants  when  wet  with  dew  will  be  found  very 
effective.  Potassium  sulphid  (liver  of  sulphur)  obtainable  from 
drug  stores,  may  be  used  as  a  spray  of  one  ounce  in  three  gallons  of 
water.  It  is  said  that  a  little  whale  oil  soap,  tobacco-stems  water,  or 
milk  of  lime  added  to  the  sulphur  mixture  increases  its  efficiency. 

INSECTS  AFFECTING  SWEET  CORN* 

Numerous  insects  attack  com,  some  injuring  the  seed  when  first 
planted,  some  damaging  the  young  plants,  others  attacking  the  stalk 
and  ears  when  partly  grown,  while  still  others  damage  the  stored 
grain.  Only  the  most  common  injurious  forms  will  be  mentioned 
here,  as  the  entire  space  of  a  bulletin  is  needed  to  adequately  discuss 
all  the  com  insects. 

WiBEWoRMs  (Several  Species). 

These  insects  hardly  require  description,  as  they  have  become  so 
well  known  by  their  attacks  on  various  crops.     Wireworms  injure 
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Fig.  17.— WIreworms :  LorvEe  and  adult— all 
three  times  natural  size.  ( Chittenden,  Bui. 
88,  Bur.  of  Ent.,  U.  8.  DepU  of  Agr.) 


com  by  the  larvse  boring  into  the  kernels  when  first  planted  and  later 
by  entering  into  the  stalk  of  young  plants,  causing  them  to  die  in  the 
same  way  as  when  injured  by  budworms  or  rootworms. 

DESCBIPTION   AND   HABITS. 

Larvae, — Wireworms  in  general  may  be  described  as  having  long, 

slender,  cylindrical,  firm  bodies,  showing  segmentation,  usually  flat- 
tened toward  each  end.  They  vary 
in  size  according  to  the  species  to 
which  they  belong,  some  being  less 
than  one,  others  nearly  two  inches 
long.  The  majority  are  reddish  or 
yellowish  in  color,  presenting  a 
very  hard,  slick  appearance.  Some 
wireworms  feed  on  decaying  wood 
and  organic  matter,  while  others 
subsist  on  seeds  and  roots  of  plants. 
Parent  Beetles. — These  are  com- 
monly known  as  Jack  snappers, 
click  beetles,  thumping  beetles,  and 
by  other  terms,  gained  for  them 

by  the  power  of  springing  several  inches  in  the  air,  in  an  effort  to 

turn  over  when  laid  on  their  back. 

The  common  click  beetles  are  from  one-third  to  one  inch  in  length, 

generally  of  a  brown  color  and  are  variously  marked.     A  common 

species  is  pictured  in  Fig.  17. 

LIFE  HISTORY. 

The  parent  beetles  may  hibernate  in  protected  places,  but  many 
larvfiB  pass  the  winter  in  the  soil.  It  is  thought  that  most  species  of 
wireworms  require  three  years  to  mature,  hence  two  winters  of  their 
life  must  be  passed  in  the  ground.  This  fact  shows  how  difficult  it 
may  be  to  free  a  field  from  these  pests.  The  beetles  of  the  injurious 
species,  generally  deposit  their  eggs  in  grassy  places,  though  the  spe- 
cies that  feed  in  decaying  wood  may  lay  eggs  in  old  stumps,  etc 

REMEDIAL  MEASITBES. 

No  single  method  of  control  is  effective.  Various  methods  of  re- 
ducing the  numbers  of  wireworms  in  fields  already  badly  infested 
have  been  advocated.  The  most  promising  are,  early  fall  plowing  to 
disturb  the  larvae,  followed  by  cross  plowing  and  harrowing  once  or 
twice  during  winter,  and  the  use  of  poison  baits  in  spring.  A  good 
bait  is  made  by  treating  slices  of  potatoes  or  turnips  with  strichnine, 
and  other  baits  are  mentioned  under  remedies  for  cutworms,  p.  14. 
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Crops  peculiarly  liable  to  attack,  like  com,  potatoes,  beets,  turnips, 
etc.,  should  never  be  planted  on  land  known  to  be  infested,  unless 
absolutely  necessary. 

Rotation  of  crops  may  do  some  good.  It  is  difficult  to  name  an 
immune  crop.  Legumes,  as  a  rule,  are  not  much  injured  by  wire- 
worms,  but  that  may  be  due  to  their  abundant  root  system.  A  rota- 
tion that  allows  the  land  to  be  broken  every  fall  or  winter  will  natur- 
ally tend  to  reduce  the  numbers  of  these  insects. 

Planting  an  excess  of  seed  when  com  must  be  planted  on  infested 
land  may  insure  getting  a  stand. 

Corn  Rootworm  (Budworm),  (Diabrotica  12'punctata,  Oliv.). 

This  com  pest  belongs  in  the  same  category  as  the  wireworms  in 
being  difficult  to  control.     Rootworms  damage  young  com  plants  by 


Fio.  18.— Com  "  Roo^wo^n  "  or  *'  Bud- worm 
o  com  plant :  d,  pupa ;  e,  adult  beetle— all  eAi;cpi 
drawn  horn  Riley,  Div.  of  Ent.,  U.  &.  Dept.  of  Agr.) 


./orm  "  or  "uua-worai"  :  a,  egg ;  b,  larvce ;  c,  Injury 

^^-^^i^-P"^"!'.,**!-  PJ?P*  •  *'  *^^^^  beetle— all  except  c  much  enlarged.    (Re- 


eating  into  the  stalk  at  or  near  the  ground,  and  very  young  plants 
may  be  killed  outright,  while  older  ones  will  be  caused  to  make  a 
dwarfed  growth  because  of  having  the  central  bud  destroyed.  Fig. 
18  illustrates  the  insect  in  its  different  stages,  and  an  injured  plant 


DESOBIPTION. 


LarvcB. — These  are  slender,  yellowish  white  grubs  with  a  brown 
head  and  body  about  one-half  inch  long.  They  attain  full  growth  in 
three  to  four  weeks. 
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Pupw. — The  larvae  change  to  naked  whitish  pupsB  in  little  cells  in 
the  soil,  and  after  about  two  weeks  transform  again  to  beetles- 
Parent  Beetles, — Are  about  three-tenths  of  an  inch  long,  yellowish 
green  in  color,  with  twelve  black  spots  on  the  wings  as  illustrated  in 
Fig.  18,  much  enlarged.  These  beetles  are  omniverous  feeders  on 
a  great  variety  of  plants,  notably  cucumbers,  cantaloupes,  etc 

LIFE  HISTORY. 

After  passing  the  winter  in  hibernation  the  beetles  become  active 
early  in  the  spring.  The  earliest  vegetables  of  the  garden  serve  as 
their  food,  working,  as  they  do,  side  by  side  with  cucumber  and  flea 
beetles.  The  eggs,  deposited  in  the  soil  close  by  the  base  of  com 
plants,  hatch  within  a  short  time  and  the  newborn  larvae  burrow  into 
the  stem  as  indicated  above. 

There  are  at  least  two  generations,  the  first  maturing  within  about 
six  to  seven  weeks  after  the  eggs  are  deposited.  The  parent  beetles  are 
present  all  summer,  often  feeding  on  the  blossoms  of  fruit  trees. 

BEMEBIES. 

Commencing  in  early  spring  and  following  this  insect  through  its 
two  generations,  we  discover  no  good  chance  of  destroying  \ke  larvae, 
but  there  is  some  opportunity  of  killing  the  pupae  in  the  soil  and  of 
poisoning  the  adult  beetles.  The  latter  method,  however,  offers  only 
a  slight  chance,  for  the  beetles  do  not  all  feed  in  the  gardens.  Still 
the  liberal  use  of  poisons  on  cucumbers  and  cantaloupes,  as  recom- 
mended on  page  43,  will  undoubtedly  destroy  some  of  them.  Some 
of  the  pupae  may  be  killed  by  thorough  weekly  cultivation  of  the  com 
crop,  especially  during  and  about  the  sixth  to  tenth  week  after  it 
comes  up. 

Good  fertilization  to  strengthen  and  feed  the  com  plants  will  aid 
materially  against  slight  attacks,  and  planting  an  excess  of  seed  will 
often  insure  a  stand  even  though  the  rootworms  may  be  abundant. 

Late  Planting  and  Lowlands. — ^Delaying  the  planting  of  com  until 
two  or  three  weeks  after  the  usual  time  will  allow  many  beetles  time 
to  deposit  eggs  elsewhere,  thus  gaining  some  protection.  The  ideal 
time  to  plant  com  must  be  determined  by  experience.'  Com  root- 
worms  are  liahle  to  be  most  abundant  in  lowlands — ^but  they  are  not 
very  choice  in  the  selection  of  a  feeding  ground — ^hence  some  advocate 
the  avoidance  of  such  lands  for  com. 

As*  Sherman/  in  writing  of  corn  insects,  has  said,  "All  these 
measures  will  help  ^some'  but  no  one  alone  will  insure  immunity  from 
attack  of  rootworms." 
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Larger  Corn  Stalk  Borer  (Diatrcea  saccharaliSj  Fab.). 

Com  is  often  injured  by 
a  caterpillar  boring  in  the 
stalk,  usually  most  notice- 
able and  injurious  when 
the  com  is  about  half 
grown,  but  young  plants 
may  be  destroyed.  These 
borers  weaken  the  stalks, 
retarding  the  development 
of  the  ears  and  sometimes 
render  large  stalks  worth- 
less except  for  fodder. 
These  insects  are  said  to 
l)e  most  abundant  during 
the  latter  part  of  May  or 
early  in  June. 

DESCRIPTION    AND    HABITS. 

LarvoB  or  Borers. — These 
burrowing  caterpillars  are 
about  one  inch  long,  with 
whitish,  robust  bodies, 
speckled  with  brown  and 
black  spots  (Fig.  20). 
They  confine  their  attack 
mainly  to  the  three  lower 
joints,  and  may  occur  with- 
o  u  t  apparently  affecting 
tlie  growth.  The  larvce, 
however,  are  very  active, 
often  leaving  their  bur- 
rows and  making  new  en- 
trance holes,  thus  severely 
weakening  the  stalks  (Fig. 
19). 

Pup ce. — The  p  u  p  8B  , 
usually  found  in  the  stalk 
above  ground,  are  of  a 
shiny,  brownish  color  and 

no.  19.— Com  stallt,  showlnj?  holes  made  by  com  are      about      OUC-half      iuch 

stalk  borers.    ( Photo,  by  the  author.) 

long. 
Parent  Moths, — The  adult  moths  have  a  wing  expanse  of  about  one 
and  one-half  inches ;  the  fore  wings  are  dull  yellowish  brown,  or  nearly 


86 


N.  C.  AGRICULTURAL  EXPERIMENT  STATION. 


colorless ;  hind  wings  white  or  cream  colored.  The  moths  of  the  first 
brood  appear  in  Georgia  (where  the  writer  studied  this  insect)  from 
the  middle  of  June  to  the  middle  of  July.  They  probably  appear 
about  the  same  time  in  North  Carolina. 


LIFE  HISTORY. 

The  reader  will  understand  that  there  are  two  broods  each  season. 

The  first  brood  are  the  progeny  of  the  insects  that  pass  the  winter  in 

the  pupal  stage,  in  com  stubble 
(presumably),  while  the  second 
brood  are  the  progeny  of  the 
moths  that  appear  during  June 
and  July. 

Corn  is  damaged  most  se- 
verely by  the  first  brood,  for  at 
that  time  the  plants  are  small 
or  only  partly  grown.  Late 
planted  corn  may  be  injured 
badly  by  the  second  brood.  It 
seems  highly  probable  that  the 
com  stalk-borer  has  some  wild 
host  plants,  some  common  weeds, 
in  which  many  larvae  of  the  sec- 
ond   brood    mature.      Howard* 

has  reported  its  occurrence  in  Gama  grass,  and  there  must  be  other 

wild  host  plants.     The  insects  pass  the  winter  as  pupse,  probably,  to 

some  extent  at  least,  in  com  stubble. 


Fig.  20.— Larva  and  pupa  of  com  stalk  borer. 
On  left  larv'a ;  on  right,  pupa^twice  natural  size. 
(Photo,  by  the  author ). 


REMEDIAL  MEASURES. 

No  truly  effective  remedy  can  be  offered.  It  has  been  suggested 
that  com  planted  as  late  as  May  15  to  June  1  might  escape  injury, 
still  it  might  also  be  attacked  by  larvae  of  the  second  brood.  When 
the  stalk  borers  are  observed  the  gardener  should  arrange  to  plow  out, 
rake  and  bum  the  stubble  as  soon  as  the  com  is  harvested.  Cutting 
the  plants  off  at  the  surface  of  the  ground  will  probably  serve  to  trap 
nearly  all  the  larvae  or  pupae  that  may  be  present,  but  such  infested 
stalks  should  be  fed  to  stock  or  hogs  or  used  for  ensilage.  When  com 
is  badly  infested  by  stalk  borers  it  would  be  best  to  use  it  for  fodder 
or  the  silo,  taking  the  precaution  to  cut  the  com  before  many  of  the 
borers  change  to  pupae.  The  gardener  can  ascertain  this  point  by 
frequently  examining  the  com  plants  for  the  presence  of  the  brown 
pupa,  which  will  certainly  be  found  when  the  worms  are  full  grown. 
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Rotation  of  crops  is  of  course  beneficial,  but  it  must  be  remembered 
that  the  moths  are  capable  of  flying  some  distance  in  spring  in  search 
of  young  com  in  which  to  deposit  eggs. 

Deep  fall  or  winter  plowing  of  com  land  may  serve  to  bury  some 
of  the  pupse  so  that  the  moths  can  not  escape. 

CoBN  Ear  Worm  (Heliothis  obsoleta.  Fab.). 

This  insect  does  not  by  any  means  confine  its  attack  to  com,  though 
this  is  perhaps  its  favorite  food  plant.  It  may  bore  into  cotton  bolls, 
and  is  then  known  as  the  cotton-boll-worm.  When  it  attacks  beans, 
peas,  tomatoes,  okra,  tobacco  and  other  crops,  it  is  generally  known 
by  the  name  of  the  plant  on  which  it  occurs.  The  wide  variation  in 
the  color  of  the  larvte  largely  accounts  for  its  having  so  many  names. 

DESCRIPTION,  HABITS  AND  LIFE  HISTORY. 

The  parent  is  a  night-flying  moth,  the  wings  of  which  expand  about 
one  and  one-half  indies  and  range  in  color  from  dull  yellow  to  olive 

green  with  black  markings  (Fig. 
21).  The  moths  that  appear  in 
early  spring,  having  developed 
from  pupse  that  passed  the  winter 
in  earthen  cells,  seem  to  prefer  to 
deposit  eggs  on  young  com,  and 
later  on  the  silk,  particularly 
when  that  is  present.  The  larvae, 
small  at  first,  grow  rapidly,  attain- 
ing a  length  of  about  one  and  one- 
quarter  inches,  and  range  in  color 
from  greenish  to  dark  brown.  The 
markings  are  shown  in  Fig.  22. 
Sweet  com  is  injured  more  se- 

Fio.  21.— The  Corn  Ear-worm,  showing  adult  verely  than  COmmon  field  COm,  but 
^bout  twice  na?ural8iM.    ( Quauitance,  Bur.    aS    the    former    is    80    mUCh    mOrC 

Ent..u.aDept.ofAgr.)  preferable  for  table  use  the  gar- 

dener should  prepare  to  fight  this  insect 

There  may  be  four  or  five  broods  each  season,  each  successive  brood 
gaining  in  numbers.  When  com  becomes  hard,  the  moths  deposit 
eggs  on  cotton,  seeming  to  know  instinctively  that  it  will  make  better 
food  for  the  larvae. 

REMEDIES. 

The  only  direct  remedy  consists  in  pinching  the  tips  of  infested 
ears  of  com  to  crush  the  larvae  within.  A  few  rows  of  sweet  com 
may  be  treated  in  this  manner.     The  pinching  must,  however,  be  done 
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several  times  and  at  intervals  of  only  two  to  three  days,  as  the  small 
larvse  may  escape. 

Trap  Plants. — ^Remembering  that  the  moths  prefer  com  silk  on 
which  to  deposit  eggs,  we  have  an  opportunity  of  using  a  few  hills  of 


Fig.  22.— The  Com  Ear- worm,  showing  the  destructive  larva  at  work 
in  ear  of  com.    (Quaintance,  Bur.  Ent.,  U.  S.  Dept.  of  Agr.) 

very  early  planted  com  as  trap  plants.  Early  maturing  varieties 
should  be  used.  The  larvae  are  cannibalistic,  devouring  each  other 
v^en  more  than  one  are  present  in  a  single  ear,  hence  the  trap  plant 
is  peculiarly  valuable.  Trap  plants  must  be  watched  and  destroyed, 
or  at  least  the  worms  destroyed  before  any  become  full  grown  and 
descend  to  the  ground  to  pupate.  Garden  crops  other  than  com  may 
be  protected  by  having  a  few  hills  of  com  in  silk  when  the  other  crops 
would  ordinarily  be  injured. 

Winter  Plowing, — As  already  stated,  these  worms  usually  appear 
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in  cotton  fields  after  the  com  becomes  hard,  and  hence  it  will  be  seen 
that  the  last  generation  is  most  liable  to  pass  the  winter  as  pupse  in 
such  lands,  rather  than  in  garden  or  com  fields.  Winter  plowing  of 
cotton  fields,  and  gardens,  where  late  com  has  been  grown,  will  kill 
many  pupie. 

Corn  Weevils  (Larvoe  of  Beetles  and  Moths). 

Stored  corn,  shelled  or  otherwise,  is  often  infested  with  white  grub- 
like larvee,  which  may  be  the  young  of  the  rice-weevil   (Calandra 

oryzce,  Linn.),  or  the 
granary  weevil  (Calandra 
granaria,  Linn.),  or  the 
larvae  of  the  Angoumois 
grain  moth  (Sitotroga 
cereaUa,  01.).  The  lat- 
ter is  common,  though 
the  two  former  are  better 
known.  The  two  weevils 
are  shown  in  Fig.  23,  and 
the  grain  moth  in  Fig.  24. 
Corn  may  become  in- 
fested with  weevils  in  the 
field,  but  the  grain  moth 
is  most  liable  to  attack 
the  stored  com. 

As  there  is  no  known 
practical  method  of  pro- 
tecting the  com  in  the 
field  we  will  not  take 
space  to  describe  these 
insects,  but  pass  at 
once  to  the  matter  of 
remedies. 

REMEDY. 

Fumigation, — C  a  r^ 
bon  bisulphid,  a  clear, 
foul  smelling  liquid 
that  costs  about  26 
cents  a  pound  is  a  cer- 
tain remedy  when 
properly  used.  I  n  - 
fested  com  may  be 
fumigated  in  air  tight 
bins  by  using  at  least  one  and  one-half  or  two  pounds  of  carbon  bisul- 


Fi<i.  28.— Tom  Weevils: 
b.  larva:  c,  pupa.  C.  Of 
teiiden.  Farmers*  Bui,  " 


Calandra  granaria;  a,  lieetle; 


d,  beetle.    All  enlarged, 
S.  Dept  of  Agr.) 


Chit- 


Fig.  21.— Angoumois  Grain  Moth :  o,  e( 
le,  larva;  d,  pupa;   «, /.  moths— all  ei 
Farmers'  Bui.  45,  U.  S.  Dept  of  Agr.) 


b,  larva  at  work  ; 
"      ( Chittenden 
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phid  for  about  one  hundred  bushels  of  grain.  The  grain  moth  is 
killed  more  easily  than  the  true  weevils,  and  for  the  latter  it  may  be 
necessary  to  considerably  increase  the  recommended  amount  This 
remedy  is  often  condemned  and  declared  worthless  because  attempts 
made  to  fumigate  the  com  in  loose,  leaky  bins  have  failed.  It  evap- 
orates rapidly  and  the  fumes  are  heavier  than  the  air,  so  that  they 
will  settle  and  escape  if  any  cracks  are  left  in  the  bottom  and  sides  of 
the  bin  or  receptacle  used  for  the  fumigating  chamber.  The  top 
must  be  closed  or  covered  with  something,  such  as  wet  blankets  and 
boards,  to  keep  out  any  currents  of  air.  To  fumigate,  expose  the 
liquid  in  shallow  dishes  near  the  top  of  the  space,  or  pour  it  directly 
onto  the  com,  afterawrd  leaving  the  place  tightly  closed  for  twenty- 
four  to  thirty-six  hours.  The  fumes  do  not  act  immediately,  like 
some  other  poison  gases,  and  for  this  reason  it  is  necessary  to  prevent 
even  gradual  leakage.  When  com  can  not  be  treated  in  an  mr  tight 
chamber,  the  amount  of  carbon  bisulphid  should  be  increased,  but 
even  then,  under  these  conditions,  the  results  may  not  be  satisfactory. 

Adult  weevils  and  larvse  may  be  killed  by  fumigation  except  in 
certain  cases  when  they  are  uncommonly  well  protected  in  the  kernels, 
but  as  eggs  which  are  not  killed  by  fumigation  may  be  present,  it  is 
generally  necessary  to  repeat  the  treatment  once  or  twice  before  com 
is  entirely  freed  from  weevils. 

Ordinary  fumigation  does  not  injure  com  for  eating  or  planting. 

Caution. — The  fumes  of  carbon  bisulphid  are  highly  combustible 
and  explosive,  hence  lighted  cigars,  lanterns,  etc.,  should  not  be 
brought  near  where  the  fumigation  is  going  on.  Breathing  the  fumes 
should  be  prevented,  as  they  may  cause  a  slight  or  severe  headache. 
Some  people  are  quite  easily  aflFected. 

INSECTS  AFFECTING  CUCUMBERS  AND  CANTALOUPES. 

Cutworms  (several  species). — (See  under  Insects  Affecting  Beans, 

p.  11). 

Red  Spider. — (See  under  Insects  Affecting  Celery,  p.  31). 

Melon  Plant  Louse  (Aphis  gossipii,  Glov.). 

Young  cucumber,  cantaloupe  and  similar  plants  may  be  attached 
by  small  green  sap-sucking  lice  that  often  cluster  in  great  numbers  on 
the  under  sides  of  the  leaves.  This  same  louse  occurs  on  young  cot- 
ton and  is  then  known  as  a  cotton  louse.  It  is  capable  of  causing 
severe  stunting  of  growth  and  even  death  of  badly  infested  plants. 
It  occurs  all  through  the  summer  months,  sometimes  injuring  canta- 
loupes  when  the  vines  are  several  feet  in  length. 
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DESCRIPTION  AND  LIFE  HISTORY. 

Plant  lice,  of  nearly  all  species,  breed  by  giving  birth  to  living 
young,  the  adults  being  both  winged  and  wingless,  as  shown  in  Fig. 
25.     Many  generations  are  developed  each  season  and  during  the 

summer  the  colonies  of  lice  contain 
no  true  males  or  females.  This  de- 
velopment is  known  as  parthenogene- 
sis, that  is,  the  young  are  bom  by 
females  without  the  intervention  of 
the  male.  The  melon  louse  is  no  ex- 
ception to  this  rule.  True  males  and 
females  are  developed  by  the  last  fall 
brood  and  the  oviparous  females  de- 
Fio.  25.-The  Melon  Aphis,  AphUaoM-  posit  c^s  to  Carry  the  insccts  through 

j<p« .•  much  enlarged.    (Chittenaen,  Bur.    .v^    ,.^^4.^«         T'l*^^^     ^^^^     1,^4.^1^     ;-»« 

ofBnt.,  u. aDeptofAp-.)  the   Winter.      Inese   eggs    hatcn    m 

spring  into  minute  lice  that  develop 
into  viviparous  females,  whose  young  are  bom  alive,  as  already 
explained. 

The  melon  louse  is  yellowish  green  in  color  and  about  one-twentieth 
of  an  inch  in  length.  The  winged  individuals  of  the  colonies  serve 
to  spread  the  species,  and  their  presence  accounts  for  the  isolated 
colonies  that  appear  during  the  oummer  months.  Individuals  ma- 
ture in  six  to  eight  days,  and  each  gives  birth  to  about  fifty  young. 
Comsidering  this  rapid  increase  it  would  seem  that  all  infested  plants 
would  be  destroyed,  and  such  would  be  the  case  were  it  not  for  the 
valuable  work  of  parasites,  both  internal  and  predaceous,  that  destroy 
great  quantities  of  them.  With  these  facts  in  mind,  let  us  enter  upon 
a  consideration  of  the  methods  of  control. 

REMEDIES. 

Spraying. — Contact  poison  sprays  as  used  against  cabbage  lice  (See 
p.  18)  may  be  employed  to  kill  isolated  colonies  that  appear  in 
spring. 

Fumigation. — ^Within  recent  years  a  method  of  fumigating  canta- 
loupe plants  has  been  quite  well  perfected.  Sanborn*  has  made 
valuable  experiments  with  specially  prepared  tobacco  or  nicotine  fumi- 
gating papers,  manufactured  and  sold  under  the  names  nico-fume  to- 
bacco paper,  aphis  punk  and  to-bac-ine  (See  p.  64),  and  has  perfected 
a  system  of  fumigating  by  the  use  of  cloth  covered  frames.  The  fol- 
lowing description  of  a  fumigating  outfit  is  based  on  Sanborn's  work : 

Cloth  Covered  Frames. — For  fumigating  vines  from  two  to  four 
feet  long  construct  a  light  wooden  frame  square  or  rectangular,  of  the 
desired  dimensions,  and  nail  an  eight-inch  leg  to  each  comer.  This 
may  be  covered  with  heavy  muslin  saturated  with  linseed  oil  to  render 
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it  air-tight.  Cut  the  muslin  in  pieces  large  enough  to  cover  the 
frame,  and  also  extend  one  foot  over  each  side,  and  tack  to  the  top, 
but  not  to  the  legs  of  the  wooden  frame.  The  loose  edges  of  the 
muslin  may  be  covered  with  earth  to  prevent  any  escape  of  gas.  A 
frame  of  this  construction  makes  a  perfect  fumigating  arrangement, 
as  it  can  be  placed  over  any  portion  of  a  long  vine  if  desired  without 
damage  and  without  disturbing  the  vine. 

Method  of  Fv/migating. — Use  the  tobacco  papers,  as  recommended 
(p.  64),  fumigating  the  infested  plants  from  20  to  30  minutes. 
This  will  kill  all  the  aphis  under  the  frames  without  injuring  the 
plants.  This  method  is  said  to  be  comparatively  cheap  and  it  is  un- 
doubtedly effective,  much  more  so  in  fact  than  the  best  spraying  that 
could  be  done.  By  having  several  frames  in  operation  one  or  two  men 
may  fumigate  large  areas  in  the  course  of  a  day. 

Beneficial  Parasites. — As  already  stated  parasites  render  valuable 
aid  in  controlling  the  melon  lice.  In  Texas,  Sanborn  has  shown  that 
it  pays  to  induce  the  increase  of  parasites  by  planting  Rape,  which 
usually  bear  the  cabbage  lice  in  abundance.  This  plant  furnishes 
food  in  fall  for  a  number  of  predaceous  parasites,  such  as  lady-bird 
beetles  and  their  larvae,  that  feed  on  the  cabbage  lice,  and  the  beetles 
hibernate  during  winter  among  the  weeds  and  rubbish  and  thus  are 
usually  present  in  the  spring  and  ready  to  attack  the  first  broods  of 
melon  lice.  Rape,  as  a  trap  plant,  should  be  planted  in  summer  and 
fall  in  the  gardens  or  on  the  edge  of  the  fields  where  cantaloupes  and 
cucumbers  are  to  be  planted  the  following  year. 

Striped  Cucumber  Beetle  (Diabrotica  vittata.  Fab.). 

Here  we  have  one  of  the  commonest  and  most  destructive  of  all 

insects  that  feed  on  the 
foliage  of  cucumbers  and 
related  plants.  It  is  also 
a  difficult  one  to  controL 

description  and  life 

HISTORY. 

Beetles. — These  small, 
yellow  winged  beetles, 
only  two-fifths  of  an  inch 
long,  marked  with  longi- 
tudinal black  stripes  on 
the  wing  covers  (Fig. 
26),  usually  appear  early 
in  the  spring.  They  are 
voracious  feeders  and 
They  hibernate  during  winter. 


Fig  26.— Striped  Cucumber  Beetle  :  a,  beetle  : 
c,  pupa— all  much  enlarged.    (  Chittenden,  Cir.  31,  Div.  of 
Ent.,  U.  S.  Dept.  of  Agr.) 


cause  much  damage  to  young  plants. 
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Eggs  and  LarvcB. — Eggs  are  deposited  at  the  base  of  young  cucum- 
ber plants  and  hatch  into  small,  slender,  whitish  larvse  that  feed  on 
the  tender  rootlets.  The  larvae  may  attain  a  size  of  about  one-third 
inch.  They  cause  plants  to  wither  and  sometimes  die.  Such  injury 
is  generally  overlooked  by  gardeners  or  else  is  laid  to  cutworms.  The 
larva  matures  in  about  one  month,  and  after  passing  through  the  pupa 
stage,  lasting  about  two  weeks,  the  change  to  the  adult  takes  place. 

REMEDIAL   MEASURES. 

All  plants  subject  to  attack  should  be  protected  from  the  ravages 
of  the  beetles  from  the  moment  they  appear  above  ground  until 
several  leaves  are  formed,  after  which  the  plants  are  better  able  to 
withstand  the  injury.  This  protection  is  best  afforded  by  suitable 
covers,  but  certain  repellent  sprays  and  powders  may  be  used  with 
profit 

Cover  Protection. — The  cheapest  and  most  effective  protection  is 
afforded  by  box  frames,  about  one  foot  square,  covered  with  fine  wire 
or  mosquito  netting,  or,  in  the  manner  sometimes  suggested,  by  cut- 
ting a  barrel  hoop  in  two  to  form  two  semi-circles,  and  pressing  these 
down,  crossing  each  other  over  the  plants  and  covering  all  vrith  net- 
ting. The  lower  edge  of  the  cover  may  be  held  down  with  earth. 
The  writer  believes  that  the  perfect  protection  given  by  these  covers, 
allowing  the  plants  to  grow  for  three  or  four  weeks  without  injury, 
more  than  repays  the  cost  of  material  and  the  trouble  of  fixing  them 
in  place. 

Spraying  and  Dusting. — A  combination  repellent  and  poison  in  the 
form  of  Bordeaux-Paris  green  mixture  (See  p.  61)  is  the  next  best 
thing  to  a  cover  protection.  The  poison  Bordeaux  serves  as  a  pro- 
tection against  the  cucumber  beetle,  and  all  leaf  eating  insects  that 
may  be  present,  and  furthermore  serves  as  a  fungicide  to  keep  the 
foliage  healthy.  When  liquid  spray  is  used  this  is  the  most  eco- 
nomical. 

A  dry  mixture  of  lime  and  Paris  green  (See  p.  60)  will  poison 
many  beetles  and  also  act  as  a  repellent,  and  simply  dusting  plants 
with  tobacco  dust,  kerosene  and  lime  mixture,  or  hellebore  offers  con- 
siderable protection,  but  the  liquid  poison  spray  is  the  most  efficient. 
Dry  applications  should  be  applied  when  plants  are  wet  with  dew 
and  repeated  after  every  shower. 

Trap  Plants. — ^A  few  very  early  planted  cucumber  plants  liberally 
treated  with  poison  spray  may  serve  to  lessen  the  number  of  striped 
beetles  and  also  Flea  beetles,  12-spotted  Diabrotica  (adult  of  com 
rootworm)  and  all  leaf  eating  insects  present  at  that  time. 

Planting  an  excess  of  seed  is  advisable  if  the  protective  measures 
suggested  can  not  be  used.     The  plants  should  not  be  thinned  out  too 

Digitized  by  LjOOQIC 


44  N.  C.  AGRICULTURAL  EXPERIMENT  STATION. 

early,  as  some  may  die  from  the  attack  of  the  larvae  on  the  roots  or 
from  other  causes. 

Clean  Cuiture. — Gardens  should  be  cleaned  up  and  all  weeds  and 
rubbish  removed  and  burned  during  late  fall  or  winter.  This  does 
away  with  the  chance  of  leaving  convenient  hiding  places  in  which 
this  and  many  other  garden  insects  may  hibernate  during  winter. 
Fence  rows  should  be  cleaned  out,  and  sod  land  adjoining  gardens 
may  be  burned  over  to  help  destroy  hibernating  insects. 

CuouMBEE  Flea  Beetle  (Epitrix  cucumeris,  Harr.). 

These  small,  black,  jumping  beedes  (Fig.  27),  about  one-twelfth 
inch  in  length,  often  cause  quite  severe  injury  by  eating  the  foliage 
of  cucumbers,  cantaloupes,  melons,  etc.  The 
larvsB  of  this  species  is  a  leaf-miner,  causing 
some  damage,  while  the  adults  feed  on  the 
surface. 

Other  Flea  Beetles. — Several  different  spe- 
cies of  flea  beetles  occur  at  times,  and  injure 
cabbages,  turnips,  potatoes,  beans  and  many 
garden  plants.  The  larvae  of  most  species 
feed  on  the  roots  of  Jimson  or  other  common 

FiQ.  27.-CU cumber  Flea  wcods.     The  beetles  all  get  their  name  from 

tOTdenTBuf.  il!^  SuTof  ^Ent,"  their  ability  to  jump,  due  to  thickened  and  mus- 
u.  8.  Dept.  of  Agr.)  ^^j^^  j^.^^^  ^^^  jjj^^  ^^  ^^  ^j^^  grasshoppcr. 

BEMEDIES. 

Protective  covers,  poison  and  repellent  sprays,  and  powders,  and 
in  fact  all  methods  of  control  suggested  above  against  the  striped 
cucumber  beetle  are  effective  against  flea  beetles. 

Pickle  Woem  (Diaphania  nitidalis,  Cramer). 

Growers  of  cucumbers  and  cantaloupes  need  no  introduction  to  this 
troublesome  pest  that  bores  into  cucurbits,  rendering  them  unfit  for 
table  use  or  for  market.  The  injury  is  caused  by  the  larvae.  This 
borer  is  frequently  called  the  melon  worm  or  cantaloupe  worm,  but 
we  will  consider  it  as  the  pickle  worm  because  a  closely  related  species 
is  now  known  as  the  melon  worm.     (See  p.  57). 

DESCRIPTION. 

Eggs  and  Larvce. — The  eggs  are  generally  laid  in  masses  in  blooms 
or  tender  buds.  They  are  at  first  white,  but  change  to  yellowish 
green  before  hatching  into  small  whitish  worms.  When  grown  the 
larvae  are  yellowish  green  in  color,  about  three-fourths  of  an  inch 
long,  and  have  eight  pairs  of  legs. 
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PupcB. — ^Light  silken  cocoons  are  spun  in  a  fold  of  a  leaf  of  the 
food  plant,  or  on  weeds  close  by,  and  here  the  pupae  are  formed, 
changing  later  to  adult  moths. 


Fig.  28.— Pickle  Womis  working  on  cucumber.    ( Quaintance,  Bui.  46,  Ga.  Exp.  Sta.) 

Parent  Moths. — The  moths  have  a  wing  expanse  of  about  an  inch ; 
the  color  is  yellowish  brown,  marked  with  yellow  areas.  The  body 
terminates  in  a  prominent  brush  like  that  of  the  melon  worm 
(Fig.  87). 

LIFE  HISTORY  AND  HABITS. 

The  average  life  cycle  of  the  pickle  worm  was  determined  by 
Quaintance^  in  1901  as  being  from  24  to  27  days,  showing  that  there 
may  be  at  least  four  or  more  broods  each  year.  The  winter  is  passed 
in  the  pupal  stage,  always  above  ground  in  weeds  or  rubbish,  which 
allows  the  gardener  a  chance  of  destroying  great  numbers  by  clean 
culture.  The  moths  are  nocturnal,  hiding  during  the  day.  It  seems 
that  the  first  ones  emerging  from  the  over-wintering  pup®  are  some- 
what late,  appearing  when  the  cucumbers  or  cantaloupes  are  well 
started  into  growth.  The  young  larvae  may  feed  in  opening  buds,  or 
at  the  base  of  the  leaves,  but  soon  attack  the  fruit.  Tie  greatest  in- 
jury of  course  comes  from  their  boring  into  the  fruit,  this  being 
exaggerated  by  their  habit  of  passing  from  one  fruit  to  another.  A 
great  preference  is  shown  for  the  blooms  of  squash  (Fig.  29),  and 
this  may  be  made  use  of  in  protecting  the  cantaloupes  and  cucumbers 
as  stated  under  remedies. 

BEMEDIAL  MEASURES. 

Very  early  planted  cucumbers  and  cantaloupes  for  home  or  market 
use  may  escape  injury  from  this  pest,  owing  to  the  late  appearance  of 
the  moths.     Late  plantings  may  be  seriously  injured,  and  there  seems 
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to  be  no  absolute  remedy  to  suggest.     Trap  crops,  clean  culture,  and 
poisoning  will  all  help  to  lessen  the  injury. 

Poison. — Dusting  young 
plants  with  lime  dust  and 
Paris  green  may  serve  to 
poison  some  young  larvae  that 
feed  in  the  buds  and  flowers 
before  entering  the  fruit. 

Trap  Crop. — Squash  plants 
started  early  and  planted 
among  and  near  the  crop  to  be 
protected  are  of  great  value  if 
properly  managed.  The 
pickle  worm  larvae  feed  freely 
in  the  squash  blooms,  and 
when  this  plant  is  used  as  a 
trap  the  infested  blooms  must 
be  regularly  gathered  at  least 
once  a  week  and  carefully  de- 
stroyed to  prevent  any  larvae 
from  maturing.  Quaintance 
found  that  this  crop  offers  very 
great  protection,  and  when 
adopted  squash  seed  should  be 
planted  every  two  or  three 
weeks  in  order  to  furnish  an 
abundance  of  blooms  while  the 
cucumbers  and  cantaloupes  are 
developing.  The  squash  plants 
might  be  poisoned  also  as  a  further  protection. 

Destroying  Infested  Fruit  and  Over-wintering  Pupae. — All  in- 
fested fruit  should  be  gathered  and  fed  to  hogs  or  otherwise  destroyed 
to  kill  the  larvae  within.  As  soon  as  the  crop  is  gathered,  rake  up 
and  bum  the  vines,  together  with  all  weeds  and  rubbish,  to  destroy 
any  larvae  and  pupae  that  may  be  present.  Deep  plowing  directly 
after  the  crop  is  gathered  will  no  doubt  stop  further  increase,  and  as 
another  safeguard  it  is  best  to  practice  rotation  of  crops. 

INSECTS  AFFECTING  THE  EGG-PLNT. 

Egg-plants  are  not  subject  to  serious  injury  from  insect  attack,  but 
some  minor  damage  may  occur  each  year.  Some  insect  pests  that 
may  be  expected  are  mentioned  below : 


Fig.  29.— Pickle  Worms  feeding  in  squash  blooms. 
(  Quaintance,  Bui.  46.  Ga.  Exp.  Station  ). 
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Aphis  (Plant  Lice). — (See  under  Cabbage  Aphis,  p.  17). 
C01.ORAIK)  Potato  Beetle. — (See  under  Potato  Insects,  p.  49). 
Cutworms. — (See  under  Bean  Insects,  p.  11). 
Flea  Beetles. — (See  under  Cucumber  Insects,  p.  44). 
Harlequin  Bug. — (See  under  Cabbage  Insects,  p.  18). 

INSECTS  AFFECTING  THE  ONION. 

Cutworms. — Onion  sets  are  liable  to  be  seriously  thinned  out  by 
cutworms,  hence  land  on  which  onions  are  to  be  set  should  be  carefully 
prepared,  and  freed  as  far  as  possible,  from  these  pests  by  the  use  of 
poisoned  baits  as  recommended  on  p.  12.  When  onions  are  grown 
in  the  field  from  seed  an  abundant  supply  should  be  planted  to  insure 
a  stand,  but  the  use  of  poisoned  bait  previous  to  sowing  the  seed 
should  not  be  n^lected. 

Onion  Maggot  (Pegomyia  ceparum,  M.). 

When  plants  in  the  onion  beds  commence  to  turn  yellow,  wilt,  and 
die,  from  no  apparent  exterior  cause,  white  maggots  in  the  roots  may 
be  looked  for. 

As  the  life  history  and  habits  of  this  insect  are  so  nearly  the  same 
as  the  cabbage  maggot,  the  reader  is  referred  to  the  description  on 
p.  28. 

Remedy. — In  addition  to  the  remedies  suggested  against  cabbage 
maggots,  gardeners  may  make  good  use  of  a  carbolic  acid  emulsion, 
reconmiended  by  Slingerland,  ^  whose  formula  is  as  follows : 

Dissolve  one  pound  of  soap  in  one-half  gallon  of  water,  and  thor- 
oughly emulsify  with  one  pint  of  crude  carbolic  acid.  For  use  take 
one  part  of  the  emulsion  to  fifty  parts  of  water. 

This  emulsion  should  be  applied  with  a  spray  pump  around  onion 
plants,  after  first  removing  the  surface  soil.  It  is  said  to  kill  the 
maggots  and  also  repel  the  parent  fly  from  laying  eggs. 

Unleached  ashes  scattered  over  the  beds  just  after  the  onions  have 
come  up  is  also  said  to  repel  the  parent  flies. 

Infested  fields  should  not  be  planted  to  onions  the  following  year, 
and  new  seed  beds  should  be  placed  as  far  away  as  possible. 

INSECTS  AFFECTING  PEAS. 

Pea  Weevil  (Bruchus  pisorum,  Linn.). 
(And  Other  Bruchus  spp.). 

Belonging  to  the  same  genus  as  the  Bean  Weevil,  but  differing  con- 
siderably in  life  history,  the  pea  weevil  (B.  pisorum)  is  a  common 
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Fig.  80.— Pea  Weevil,  Bruchua pitorum :  a,  beetle ; 
6,  lan'a :  c,  pupe— much  enlargea.  (Chittenden, 
Yearbook,  1^,  U.  8.  Dept.  of  Agr.) 


pest  in  stored  peas.     This  species  is  a  little  larger  (Fig.  30)  than  the 
bean  weevil  described  on  p.   15  and  illustrated  in  Fig.  7.     They 

differ   materially,   however, 
\\,jQ^/^^         .^ir^        ^^   ^^^   number   of   annual 

generations,  for  the  pea 
weevil  has  only  one,  while 
the  other  may  have  several. 
Furthermore,  only  one  larva 
of  the  pea  weevil  invades  a 
single  pea,  and  always  gains 
entrance  while  the  peas  are 
green  in  the  field.  In  other 
words,  the  pea  weevil  does 
not  breed  in  dried  peas,  like 
the  other  species  that  have  been  mentioned. 

The  4-spotted  bean  weevil  (Fig.  8)  may  infest  peas  or  beans,  and 
unlike  the  common  pea  weevil,  this  species  will  breed  in  dried  peas, 
producing  successive  generations  like  the  bean  weevil,  hence  any 
remedy  against  pea  weevils  must  be  one  that  wiD  destroy  all  species 
present. 

REMEDIES. 

Fumigation. — If  only  the  pea  weevil  (Bruchus  pisorum),  that  does 
not  attack  dried  peas,  were  present,  fumigation  of  peas  would  not  be 
necessary.  Simply  placing  them  in  perfectly  tight  receptacles  imtil 
the  adult  weevils  died  would  be  sufficient  This  condition  may  not 
occur,  however,  so  we  must  prepare  to  fumigate  to  kill  weevils  when- 
ever present. 

Fumigation  is  the  best  remedy  known,  and  carbon  bisulphid  is  the 
material  usually  used.  This  clear,  colorless,  foul  smelling  liquid  will 
kill  the  weevils,  both  larvae  and  pupse,  but  not  the  eggs.  It  is  used, 
at  the  strength  of  one  teas))oonf ul  to  a  cubic  foot  of  space,  by  placing 
the  infested  beans  or  peas  in  a  perfectly  air-tight  receptacle,  such  as  a 
large  earthen  jar,  exposing  the  liquid  on  top  in  a  shallow  dish,  and 
leaving  the  chamber  closed  for  twenty-four  hours.  The  liquid  soon 
evaporates  and  the  fumes,  which  are  heavier  than  air,  readily  pene- 
trate to  the  bottom. 

Much  loss  might  be  prevented  if  gardeners  would  practice  fumiga- 
tion of  peas  and  beans  when  first  stored,  but  even  when  that  is  done 
they  should  be  treated  again  if  any  weevils  are  observed  later.  As 
several  broods  may  develop  and  weevil  eggs  may  be  present  almost 
any  time,  fumigation  must  usually  be  repeated  two  or  three  times. 
The  reader  should  refer  to  p.  40  for  further  information  about 
carbon  bisulphid  and  precautionary  measures  to  be  observed. 
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Uninfested  peas  or  beans,  if  stored  in  perfectly  tight  receptacles, 
will  remain  free  from  weevils,' 

To  insure  getting  good  seed  for  planting,  pour  them  in  water,  when 
the  infested  ones  will  float  and  may  be  discarded. 

INSECTS  AFFECTING  IRISH  POTATOES. 

This  valuable  vegetable  is  subject  to  the  attack  of  leaf-eating  in- 
sects, such  as  Colorado  Beetles,  Flea  Beetles,  etc.,  and  the  tubers  may 
be  damaged  by  wireworms  and  white  grubs.  These  pests,  together 
with  the  stalk  borer  and  others,  must  be  fought  successfully  if  potato 
growing  is  made  profitable. 

Colorado  Potato  Beetle  (Leptinotarsa  lO-lvneata^  Say.). 

This  common  potato  pest  is  well  known  and  frequently  referred  to 
as  the  potato  bug,  though  the  name  beetle  is  more  appropriate.  It 
has  been  given  the  name  Colorado  potato  beetle  because  of  its  being 
native  to  Colorado,  where  it  formerly  fed  upon  wild  weeds  belonging 
to  the  same  genus  as  the  potato  plant.  The  Irish  potato  seemed  to  be 
much  preferred  by  this  insect,  and  when  that  vegetable  was  intro- 
duced it  was  speedily  attacked. 

Colorado  potato  beetles  were  first  seriously  injurious  to  potatoes 
in  1855,  in.  Colorado,  and  since  then  have  spread  to  the  East  and 
Xorth,  until  now  they  occur  in  practically  all  of  the  potato  growing 
sections  of  the  United  States  and  Southern  Canada.  Its  natural 
spread  was  undoubtedly  hastened  by  the  parent  beetles  being  shipped 
with  potatoes.  At  the  present  time  it  appears  to  be  omnipresent,  for 
the  i)otato  patch  can  not  be  located  where  the  beetles  may  not  appear. 
For  this  reason  the  practice  of  rotating  crops,  so  beneficial  against 
certain  other  insects,  does  very  little  good  in  this  case. 

DESCRIPTION  AND   HABITS. 

Parent  Beetles. — It  has  been  said  that  these  beetles  perch  them- 
selves on  clods  of  earth  and  await  the  sprouting  of  potatoes  in  spring. 
This  is  almost  literally  true,  for  the  adults  pass  the  winter  in  pro- 
tected places,  and  are  among  the  first  to  appear  in  spring. 

The  beetles  are  ochre-yellow  in  color,  with  ten  longitudinal  black 
lines  on  the  wing  covers  (Fig.  31).  They  do  considerable  damage  by 
feeding  on  the  foliage. 

Eggs. — The  eggs  are  deposited  in  flat  clusters  of  fifty  or  more,  on 
the  under  sides  of  th^  leaves.  They  are  conspicuous  orange  colored. 
Each  female  may  lay  from  six  hundred  to  one  thousand  egs^s. 

Larvas  or  ''Bugs.** — The  soft  bodied,  reddish,  hump-backed  crea- 
tures, commonly  called  bugs,  are  voracious  feeders,  causing  much 
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more  damage  than  the  adults.  In  four  to  five  weeks,  they  attain  full 
growth  after  eating  an  enonnous  quantity  of  food,  and  then  drop  f r^Hn 
the  plants,  enter  the  earth  and  form  a  smooth,  oval  cell  (Fig.  81). 


Fig.  81.— Colorado  Potato  Beetle :  a,  eggs  on  leaf;  b,  small  and  srown  larvae ; 
e,  pupa ;  tL,  adult  beetle ;  e,  enlaiiged  wing-case  of  adult ;  /,  enlargeof  leg  of  adult. 
(Riley.  Missouri  Reports ). 

PupoB. — In  the  earthen  cells  the  pupcB  pass  a  motionless  life  for 
ten  days  to  two  weeks,  and  then  transform  to  the  parent  beetles. 

Oenerations. — There  are  probably  four  generations  each  year  in 
North  Carolina,  the  last  beetles  passing  the  winter  in  hibernation. 

REMEDIES. 

The  voracious  feeding  habits  of  this  pest,  coupled  with  the  power 
of  the  potato  plant  to  withstand  arsenical  poisons,  offers  us  a  reliable 
remedy  in  the  poison  applications. 

Arseniccds. — Paris  green  or  arsenate  of  lead  applied  as  a  liqxiid 
spray  is  a  perfect  remedy.  The  former  may  be  used  at  the  greatest 
strength  recommended  on  page  60  and  the  latter  at  the  usual  strength. 

Dry  Paris  Oreen  Mixture  (See  p.  60)  may  be  dusted  on  "while 
wet  with  dew  or  just  after  a  rain  by  means  of  a  good  powder  gun,  or 
through  a  cloth  sack,  or  a  tin  can  with  the  top  perforated  like  a  pepper 
shaker.  These  poison  applications  will  certainly  control  the  Colorado 
potato  beetles,  but  the  grower  should  watch  carefully  for  the  first 
appearance  of  egg  masses,  and  then  be  prepared  to  apply  the  poison 
to  kill  the  young  larvae  before  the  plants  are  defoliated.  It  is  just  as 
easy  to  poison  the  bugs  before  the  foliage  is  injured — and  certainly 
more  economical. 

No  Danger  From  Arsenical  Sprees  on  Potatoes. — The  writer  has 
met  a  few  people  who  feared  to  apply  the  Paris  gteen  to  potato  plants. 
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thinking  that  the  tubers  would  absorb  the  poison  from  the  foliage. 
There  is  absolutely  no  such  danger^  and  practically  no  danger  to  die 
persons  applying  the  poison. 

Bordeavx  Mixture  and  Paris  Oreen. — ^We  would  particularly  ad- 
vise the  use  of  Paris  green  in  Bordeaux  mixture  (See  p.  61),  as  it 
helps  to  keep  the  plants  free  from  disease,  and  the  poison  so  applied 
is  not  readily  washed  off  by  rains.  Arsenate  of  Lead  may  be  applied 
in  the  same  manner. 

Three-lined  Leaf  Beetle  (Lenta  S-lineata,  Oliv.). 

This  somewhat  common  potato  pest  is  closely  related  to  the  Colo- 
rado beetle,  but  differs  in  size  and  color.  The  beetles  are  about  one- 
fourth  inch  long,  yellow  in  color,  with  three  black  stripes  on  the 
wings,  resembling  the  striped  citeumber  beetles  mentioned  on  p.  42. 
The  larvBB  are  dirty  yellow  and  may  be  recognized  by  the  habit  of 
covering  the  body  with  their  own  excrement.  The  eggs  are  orange 
colored,  usually  laid  in  rows  along  the  mid-rib  on  the  lower  sides  of 
the  leaves. 

When  present  these  insects  may  be  controlled  by  the  remedies  sug- 
gested against  the  Colorado  beetle. 

Flea  Beetles  (Several  Species). 

These  small  jumping  beetles,  usually  black  in  color,  riddle  the 
leaves  with  small  holes,  but  their  work  may  be  prevented  by  thor- 
oughly spraying  the  plants  with  Bordeaux  and  Paris  green  mixture. 
The  cucumber  flea  beetle,  mentioned  on  p.  44,  often  attacks  the 
potato  plant.  Poison  dust  sprays  act  both  as  a  repellent  and  poison 
to  these  little  creatures. 

Potato  Stalk  Boree  (Trichdbaris  trinotata.  Say.). 

As  its  name  implies,  the  insect  lives  in  the  larval  or  grub  stage  in 
the  stalk,  boring  through  the  heart,  and  when  several  are  present,  they 
severely  weaken  and  generally  kill  the  infested  plants.  The  presence 
of  only  one  or  two  is  seldom  noticed. 

desceiption  and  habits. 

Adult. — The  parents  of  the  stalk  borers  are  small,  greyish  weevils, 
about  one-sixth  inch  in  length,  and  having  a  strong,  curved  snout. 
They  hibernate  during  winter,  usually  appearing  early  in  spring  to 
deposit  eggs  in  the  potato  stalks.  Otherwise  they  cause  no  apparent 
damage. 

Larrce. — Usually  called  grubs,  are  white  or  yellowish  in  color  with 
broAvn,  homy  heads,  and  attain  a  length  ©f  about  one-half  inch.  When 
grown  they  change  to  pupse  in  cocoons  in  the  stalk. 
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Life  History. — There  are  two  generations  each  season,  the  adult  of 
the  first  appearing  about  the  middle  of  July,  while  the  adults  of  the 

t  later  brood  appear  during  August  or 

>\  September,     and     hibernate     during 

j^^  winter.       (See  Fig.   32  for  illustra- 

f^^i  *^^^  ^^  ^^^  insect.) 


T^v.ivfTgnTAT.   MEASURES. 


Fig.  82.— Potato  Stalk  Borer :  a.  beetle ; 
(weevil);  b,  larva  (Iwrer):  c,  putw,— 
nve  times  natural  size ;  d.  section  or  po- 
tato stalk  oi)ene<l  to  show  larva  and  pupa 
in  situ.  (Chittenden.  Bui.  33,  Biu-.  of 
Ent ,  U.  S.  Dept.  of  Agr.) 


It  appears  impossible  to  suggest  a 
direct  method  for  killing  the  borers 
in  the  stalks  without  destroying  the 
plants,  hence  every  effort  should  be 
directed  toward  keeping  them  from 
reaching  the  adult  beetle  stage,  and 
thus  prevent  them  from  being  numer- 
ous during  the  succeeding  season. 
Infested  plants,  detected  by  their 
wilted  appearance,  should  be  pulled 
up  and  burned.  After  the  potato 
crop  is  gathered  all  vines  in  the  infested  fields  should  be  raked  to- 
gether, dried  a  few  days,  and  then  burned. 

It  is  known  that  this  borer  breeds  in  the  stem  of  the  egg  plant  and 
wild  plants,  such  as  horse  nettle,  bull  nettle,  jimson  weed,  and  many 
solanaceous  plants.  When  these  occur  around  infested  potato  fields 
they  should  be  cut  and  burned,  if  possible,  while  the  borers  are  in  the 
stems,  and  thereby  prevent  the  development  of  beetles. 

White  Grubs  or  Gbubworms. 

We  will  discuss  white  grubs  under  the  head  of  "Potato  Insects," 
though  in  reality  they  are  often  as  injurious,  and  sometimes  more  so, 
to  strawberries,  com,  small  grains  and  many  tuberous  rooted  vege- 
tables such  as  beets,  turnips,  etc.  In  fact  most  garden  crops  are  in- 
jured at  times  by  white  grubs,  which  are  more  or  less  common  in  all 
localities.  It  is  evident  that  these  insects  formerly  subsisted  on  grass 
roots  in  the  wild  prairie  lands,  being  native  to  this  country,  and 
turned  their  attacks  to  cultivated  crops  when  deprived  of  their  natural 
food  by  the  cultivation  of  lands  in  which  they  lived.  There  are  a 
large  number  of  species  of  white  grubs,  some  being  feeders  on  decay- 
ing vegetable  matter,  manure,  etc.,  and  hence  not  injurious,  while 
others  subsist  on  the  roots  of  growing  plants. 

GENERAL  DESCRIPTION. 

White  grubs,  in  general,  may  be  described  as  having  thick  bodies, 
and  hard,  horny  heads,  behind  which  are  three  pairs  of  true  legs  end- 
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ing  in  claws,  while  their  abdomens  are  usually  distinctly  enlarged 
near  the  caudal  ends  (Fig.  33,  e).  They  lie  in  a  curved  position,  as 
shown  in  the  figure.     Some  species  get  to  be  nearly  two  inches  long, 


Fio.  88.— White  Grub,  L<»ehn0atema  areuata:  a,  beetle ;  6,  pupa,  «,  lanra— all  enlarged 
one-fourth.    ( Chittenden,  Bui.  19,  Bur.  of  Ent.,  U.  S.  Dept.  of  Agr.) 

while  many  are  smaller.     Practically  all  the  most  injurious  forms 
belong  to  the  genus  Lachnostema. 

Parent  Beetles. — The  parents  are  called  May  or  June  beetles, 
mostly  shining  brown  in  color  and  quite  large,  being  known  by  their 
habits  of  flying  into  houses  attracted  by  the  lights  at  night.  The 
beetles  occasionally  cause  much  injury  to  pecan  trees  and  fruit  trees 
by  eating  the  developing  buds. 

LIFE  HISTORY  AND  HABITS. 

The  e^s  are  deposited  in  sod  lands,  weedy  places,  strawberry  beds, 
especially  if  the  latter  are  weedy,  and  young  grubs  feed  on  the  roots 
of  almost  any  available  plants.  The  eggs  are  laid  from  May  to  July, 
and  the  grubs  require  from  two  to  three  years  to  mature,  this  depend- 
ing on  the  species. 

It  will  be  seen  that  land  once  infested  may  remain  so  continuously, 
and  when  disturbed  by  plowing,  destroying  the  crop,  strawberries, 
grass  or  whatever  was  on  the  land,  the  grubs  must  feed  on  the  roots 
of  the  crops  following.  If  potatoes  are  planted  on  sod  land  or  old' 
strawberry  beds,  they  are  liable  to  be  seriously  damaged  by  these  in- 
sects, and  the  same  w6uld  be  true  of  most  other  vegetables. 

When  mature,  the  grubs  transform  to  pupa*  in  earthen  cells,  and 
about  August  or  September  change  to  the  parent  beetle,  which  may 
remain  in  the  cell  all  winter. 

BEMEDIES  AND  PREVENTION. 

Insecticides, — These  are  not  practicable  in  the  writer's  opinion, 
though  liberal  applications  of  Gas  Lime  or  kerosene  emulsion  have 
been  used  on  lawns  with  some  success. 

Rotation. — ^This  is  another  case  where  an  ounce  of  prevention  is 

Digitized  by  VjUUV  It: 


54 


N.  C.  AGRICULTURAL  EXPERIMENT  STATION. 


worth  a  pound  of  cure.  Land  known  to  be  infested  with  white  grubs 
should  be  sown  in  clover  or  some  crop  least  liable  to  be  injured  by 
these  insects,  at  least  two  years  before  planting  in  potatoes  or  any 
other  tuberous  vegetable.  Com  land  is  liable  to  be  infested,  and 
here  rotation  is  valuable.  Sod  land  should  never  be  planted  to  vege- 
tables the  first  year  after  plowing.  The  rotation  should  be  planned 
so  that  the  land  may  be  thoroughly  plowed  each  fall  or  winter. 

Fall  Plowing. — This  will  undoubtedly  kill  some  grubs  by  exposing 
them  as  prey  to  birds  and  fowls  and  by  leaving  them  exposed  to  the 
winter's  cold.  By  following  fall  plowing  with  a  cross  plowing  or 
harrowing  during  winter  when  the  condition  of  the  land  will  permit, 
better  results  will  be  obtained. 

Domestic  Animals, — Chickens  and  turkeys  should  be  encouraged  to 
follow  the  plow,  as  they  will  pick  up  great  numbers  of  all  kinds  of 
insects.  Hogs  delight  to  root  for  white  grubs,  and  if  turned  into  the 
garden  and  encouraged  to  root  by  scattering  a  little  com  on  the 
ground,  they  will  render  valuable  service. 


^^=1^ 


INSECTS  AFFECTING  THE  SQUASH. 

Squash  Bug  (Anasa  tristis,  DeQ.). 

Here  we  have  another  injurious  sucking  insect,  and  one  that  seems 
to  inject  a  poison  into  the  plant  the  same  as  as  is  the  case  with  the 
Harlequin  bug  on  cabbage.  The  name  stink-bug  is  often  applied  to 
this  insect,  and  to  several  related  forms  because  of  their  disagree- 
able odor. 

DESCEIFTION  AND  HABITS. 

Advlt   Bugs. — These   bugs    are 
K^-^  very  generally  known,  but  may  be 

briefly  described  as  being  a  little 
over  one-half  inch  long  (Fig.  34), 
dirty  blackish  brown  above,  and 
mottled  yellowish  beneath,  the 
head  bearing  a  long  jointed  beak 
that  lies  between  the  legs  when  not 
in  use.  They  are  nocturnal  in 
their  habits,  and  hide  during  the 
day  under  sticks,  leaves,  etc. 

Eggs  and  Nymphs. — The  brown- 
ish eggs  are  laid  in  irregular  rows 
on  the  leaves,  and  hatch  into  small 
awkward  looking  creatures.  These 
young,  called  nymphs,  generally  feed  for  a  time  in  groups,  and  in- 
crease in  size  by  successive  molts,  gradually  developing  wings.      A 
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dozen  nymphs  may  seriously  injure  a  small  squash  or  melon  plant,  by 
the  combined  effect  of  loss  of  sap  and  poison  injected. 

Life  History. — The  adult  squash  bugs  pass  the  winter  in  protected 
places,  under  rubbish  in  or  about  the  gardens,  or  in  fence  comers,  etc., 
appearing  early  in  spring  to  deposit  eggs.  There  may  be  several 
generations  each  year. 

REMEDIES  AND  PREVENTION. 

Hand  Picking, — The  first  bugs  appearing  in  spring  may  be  col- 
lected by  hand  to  prevent  their  depositing  eggs.  This  practice  is 
advisable  all  through  the  spring  and  summer,  when  plants  are  not 
otherwise  protected. 

Cover  Protection. — Young  plants  may  be  protected  by  methods 
reconmiended  on  p.  43  under  Cucumber  Insects. 

Trapping. — Trap  plants  started  very  early,  planted  indoors  in 
strawberry  baskets,  if  desired,  and  transferred  to  the  garden,  will  be 
found  very  valuable.  The  bugs  will  collect  on  such  plants  and  may 
be  picked  off  by  hand  together  With  the  egg  masses.  Bugs  may  also 
be  trapped  at  all  times  under  shingles,  boards,  or  cabbage  leaves. 
After  feeding  at  night,  they  will  hide  under  these  traps,  from  which 
they  should  be  collected  each  morning,  particularly  during  early 
spring. 

Spraying. — Poison  sprays  are  obviously  useless  against  this  suck- 
ing insect,  but  kerosene  emulsion  of  a  strength  of  10  per  cent  will 
kill  the  yoimg  nymphs  when  feeding  in  groups.  Repellent  sprays  or 
powders  (See  p.  43)  are  of  some  value. 

Clean  Cvlture. — Burning  all  rubbish  and  old  plants,  both  after  the 
crop  is  gathered  and  during  fall  or  winter,  will  do  much  toward  pre- 
venting the  adult  bugs  from  hibernating  successfully. 

Squash  Vine  Borer  (Melittia  satyriniformis,  Hbn.). 

Damage  from  this  insect  is  caused  by  the  larvsB  boring  into  the 
stalk,  sometimes  resulting  in  death  of  the  infested  stalk,  and  always 
causing  a  loss  of  vitality.  Squash  and  pumpkin  are  the  favorite 
food  plants,  but  melons  and  cucumbers  may  be  attacked. 

description. 

Parent  Moths. — The  moths  as  described  by  Quaintance*  have  fore- 
wings  opaque,  shining  olive  brown  in  color,  and  transparent  hind 
wings  bordered  by  a  narrow  fringe  of  scales.  The  body  is  about 
three-fourths  of  an  inch  long,  with  a  wing  expanse  of  nearly  one  and 

1  Georgia  Expt.  Sta.,  Bui.  45,  p.  47.  .  , 
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Fig.  35, 
folded;  c, 
enlarged, 


—Squash- Vine  Borer .  a,  male  moth ;  b,  female  moth,  wings 
on  stem ;  d,  larvae ;  e,  pupa :  /,  pupa  cell— all  oue-thlni 
•        '       "■ "Ent.,  Dept.    "  *      ' 


J^t 


ihittenden,  Cir.  88,  Bur.  of  1 


.ofAgr.) 


one-fourth  inches 
(Fig.  35,  en- 
larged). 

LarvoB  and  Pu- 
pee. — The  borers 
are  about  one 
inch  long,  whitish 
in  color  and  grub- 
1  i  k  e  in  form- 
When  grown, 
they  leave  their 
burrows  and  spin 
tough  silken  dirt 
covered  cocoons 
(Fig.  36)  near 
the  base  of  the 
plant  from  which  they  emerged  In  this  cocoon  the  larva  changes  to 
a  pupa  and  eventually  to  an  adult  moth,  which  escapes  through  the 
end,  as  illustrated  in  Fig.  36. 

LIFE  HISTORY. 

Observations  on  the  life  history  of  this  insect,  made  in  Georgia  by 
the  writer,  showed  that  the  pupsB  stage  was  from  three  to  four  weeks, 

and  that  adults  of  the  first 
brood  appeared  about  the 
last  of  June.  The  second 
and  last  generation  pass 
the  winter  i  n  cocoons, 
changing  to  moths  in 
spring  about  the  last  of 
April.  These  dates  are 
probably  a  little  too  early 
for  North  Carolina  condi- 


tions. 


TREATMENT. 


The  presence  of  borers 
may  be  detected  by  the  ac- 

Fio.86.— Pupa  and  empty  cocoon  of  SQuash-vine  borer-    Cumulations   of   yclloW  CX- 
;  twice  natural  size.    ( Photo,  by  tlie  author.)  cremcnt,  Cast  OUt  from  the 

burrows  about  the  base  of  the  plants.  Early  in  June  this  is  fre- 
quently quite  noticeable,  and,  when  detected  by  the  gardener,  the 
borers  should  be  carefully  searched  for  and  removed.  This  may  be 
done  without  much  additional  injury  to  the  plants,  and  is  the  only 
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direct  remedy.     The  borers  of  the  first  brood  should  be  destroyed  if 
possible. 

After  the  crop  is  gathered  the  vines,  root  and  aU,  should  be  pulled 
and  burned  to  destroy  any  borers  that  might  be  within.  As  some 
borers  of  the  second  brood  are  liable  to  form  cocoons  before  the  plants 
are  removed,  deep  fall  plowing  is  advisable.  This,  coupled  with 
prompt  destruction  of  infested  plants  before  the  borers  escape,  should 
keep  the  pest  reduced  to  insignificant  numbers. 

Melon  Boeeb  (Diaphania  hyalinata,  Linn.). 

Closely  related  to  the  borer  known  as  the  pickle  worm,  described 
on  p.  44,  this  destructive  pest  causes  much  damage  by  eating  off 
the  soft  rind  and  boring  into  the  squash,  melon,  etc.  It  differs  from 
the  pickle  worm  mainly  in  the  habit  of  eating  the  foliage  more  freely 
and  is  therefore  more  easily  controlled. 

DESCBIPTION. 

Parent  Moths. — This  is  quite  a  beautiful  moth  described  by  Quain- 
tance^  as  having  wings  of  pearly  iridescent  whiteness,  with  a  border 
of  brownish  black.  The  body  color  is  white  and  brown,  and  the  abdo- 
men terminates  in  a  large  movable  brush  of  elongated  scales.  The 
body  is  about  three-fourths  of  an  inch  long  and  wings  expand  about 
one  and  one-fourth  of  an  inch  (Fig.  37,  enlarged). 


Fig.  37.— Moth,  or  parent  of  the  Melon  Worm :  Much  enlarged. 
(Quaintance.  Bui.  45,  Ga.  Expt.  Sta.) 


'Georgia  Expt.  Sta.,  Bui.  45,  p.  45. 
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Eggs  and  Larvce. — Eggs  are  placed  singly  on  the  lower  surface  of 
the  leaves,  and  hatch  into  active  caterpillars,  which  when  grown  are 
slightly  longer  than  pickle  worms.  They  are  of  a  pale  greenish  yet 
Jow  color  and  possess  a  hlack  head. 

LIFE  HISTOET  AND  HABITS. 

The  life  history  of  this  borer  is  nearly  the  same  as  the  pickle  worm. 
The  greatest  difference  in  habit  is  that  of  feeding  on  the  foliage  more 
than  the  pickle  worm,  and  this  gives  the  gardener  an  opportunity  to 
make  use  of  poison  sprays.  The  melon  borer  seems  tx>  thrive  best 
daring  rainy  seasons. 

SEMEDIES. 

Spraying  is  quite  effective  against  the  young  borers  that  feed  on 
the  foliage.  Paris  green-lime  mixture,  Bordeaux-Paris  green  mix- 
ture, or  arsenate  of  lead  may  be  used.  The  gardener  should  watch 
carefully  for  the  first  brood  of  melon  worms  and  be  prepaied  to  use 
the  arsenical  sprays  quickly  and  thoroughly.  Infested  iniit  should 
be  fed  to  hogs  or  otherwise  destroyed. 

All  the  preventive  measures  recommended  on  page  45  against 
the  pickle  worm  should  be  used  against  the  borer,  except  the  method 
of  using  squash  blooms  as  traps. 

INSECTS  AFFECTING  TOMATOES. 

CuTwoKMS. — (See  under  Bean  Insects,  p.  11). 
Flea  Bbetles. — (See  under  Potato  Insects,  p.  51). 
Potato  Beetles. — (See  under  Potato  Insects,  p.  49). 

Tomato  Fbuit  Wobm  (Heliothis  obsoleta). 

This  is  the  same  as  the  com  ear  worm  and  the  cotton  boll  worm. 
Under  Com  Insects,  p.  37,  the  reader  will  find  a  full  description 
and  also  cultural  methods  of  control.  It  is  true  that  this  is  a  difficult 
pest  to  fight,  unless  the  gardener  will  study  the  habits  of  the  worm, 
and  learn  how  best  to  make  use  of  com  as  a  trap  crop,  for  there  is  no 
good  remedy  except  to  pick  them  off  by  hand.  Com  as  a  trap  crop, 
unless  properly  managed  so  as  to  destroy  the  worms  that  attack  it, 
may  serve  only  to  increase  the  numbers  of  this  pest. 

Thorough  spraying  of  tomato  plants  with  Bordeaux-Paris  green 
mixture,  usually  used  against  flea  beetles  and  the  green  tomato  worm, 
may  result  in  poisoning  some  of  the  fruit  worms.  This  should  not 
be  depended  upon,  however,  for  the  worms  eat  only  a  small  area  of  the 
surface  of  tomatoes. 
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Tomato  Horn  Worm  (Phlegethontius  celeus,  Joh.). 

This  conspicuous  green  worm  is  sometimes  abundant  enough  to 
cause  noticeable  injury  and  occurs  also  on  tobacco,  and  on  that  plant 
it  is  a  very  serious  pest.  This  is  the  larvae  of  a  large,  narrow-winged 
moth,  belonging  to  the  family  Sphingidw  or  Sphinx  Moths. 


Fie.  88.— Tomata  Horn  Worm,  PhleaethonHu*  ctleua:  a,  adult  moth ;  6,  ftill- 
srown  lanra ;  c,  papt^— about  two-thirds  natural  siae.  ( Howard,  Farmers'  Bui. 
UO,  U.  8.  Deptof  AgT.) 

DESCRIPTION. 

LarvcB. — Full  grown  worms  are  from  three  to  four  inches  long. 
dark  green  in  color,  with  oblique  V-shaped  white  lines  on  each  side 
of  the  body.  The  caudal  end  bears  a  prominent,  long,  sharp-curved 
horn  that  is  quite  characteristic  A  closely  related  species  of  horn- 
worm,  having  straight  white  oblique  lines  on  each  side  of  the  body  is 
almost  equally  common. 

Moths. — The  moths  have  large,  powerful  wings,  narrow  compared 
to  their  length,  and  a  robust  body.  The  wings  are  brownish  gray  in 
general  color  with  wavy  markings  and  expand  about  four  indies. 
The  abdomen  is  marked  on  each  side  by  five  orange  colored  spots  bor- 
dered with  black. 

REMEDIES. 

Small  fields  of  tomatoes,  or  especially  a  few  garden  plants,  may  be 
protected  by  picking  the  worms  off  by  hand.  Arsenical  poison  sprays 
used  in  connection  with  Bordeaux  mixture  is  advisable,  for  this  latter 
is  of  great  value  alone  as  a  fungicide.  Arsenical  sprays  may  be  used 
up  to  within  ten  days  of  the  time  the  fruit  ripens  without  danger  of 
poiscming  persons  who  eat  the  tomatoes.  Digitized  by  ^Ui5M it: 
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FORMULAS  AND  DIRECTIONS  FOR  PREPARING 
SPRAY  MIXTURE. 

FOB  BITING  INSECTS. 

Paris  Green  (as  a  liquid  spray). 

Paris  Green 1  pound 

Lime 2  pounds 

Water 100  to  200  gallons 

Or  Bordeaux  mixture 100  to  150  gallons 

(See  formula,  next  page.) 

To  prepare. — The  combination  of  Bordeaux  mixture  and  Paris 
green  is  often  preferable  to  the  simple  water  mixture  with  lime;  but 
no  matter  what  is  used  as  a  carrier  for  the  poison,  it  should  first  be 
made  into  a  thin  paste  with  a  small  amount  of  water.  This  will  pre- 
vent lumping  and  insure  an  even  distribution  of  the  poison  in  the  mix- 
ture. When  Bordeaux  is  used  it  is  unnecessary  to  employ  the  extra 
two  pounds  of  lime,  but  this  should  always  be  added  to  the  simple 
water  mixture.  The  lime  unites  with  any  free  arsenic  that  may  be 
present  in  Paris  green,  preventing  burning  of  foliage  that  might 
otherwise  occur. 

Paris  green,  if  absolutely  pure,  is  entirely  insoluble  in  water,  but 
most  commercial  grades  contain  some  water-soluble  arsenic,  the  burn- 
ing effect  of  which  is  overcome  by  lime.  Paris  green  is  really  a  very 
fine  crystalline  powder,  and  must  therefore  be  held  in  suspension  by 
constant  agitation. 

Plants  with  tough  resistant  foliage  like  potatoes  and  cabbage  may 
be  sprayed  with  one  pound  Paris  green  in  100  gallons  of  water,  but 
tender  plants  such  as  tomatoes,  beans,  and  celery,  should  be  given  a 
more  diluted  mixture. 

Paris  Oreen  (in  dry  form). 

Mix  with  from  ten  to  fifty  parts  of  cheap  flour,  land  plaster,  sifted 
air-slaked  lime,  ashes  or  fine  dust  and  dust  evenly  over  the  plants  by 
means  of  a  cloth  sack,  pepper  shaker  arrangement  or  dusting  machine. 

Oreen  Arsenoid. 

This  is  often  substituted  for  Paris  green,  and  may  be  used  in  the 
same  proportion,  but  should  never  be  used  as  a  liquid  spray  without 
the  addition  of  lime.  Green  arsenoid  is  lighter  in  weight,  not  crysr 
talline  in  form,  and  remains  in  suspension  longer  than  Paris  green, 
but  otherwise  it  has  no  advantage  unless  it  can  be  purchased  at  les8 
cost 
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Arsenate  of  Lead. 

Acetate  of  Lead  (Sugar  of  Lead) 11  ounces 

Arsenate  of  Soda 4  ounces 

Water 50  gallons 

This  is  a  formula  for  home-made  arsenate  of  lead,  prepared  U)y 
dissolving  the  acetate  of  lead  in  one  gallon  of  water,  and  the  arsenate 
of  soda  in  two  quarts  of  water  in  a  separate  vessel.  It  is  best  to  use 
wooden  buckets.  When  the  two  solutions  are  poured  together  a  fine, 
white  precipitate  is  formed.  This  makes  a  stock  solution  ready  to 
dilute  with  50  gallons  of  water. 

The  advantages  of  arsenate  of  lead  over  Paris  green  and  green 
arsenoid  are:  (1)  greater  adhesive  quality;  (2)  remains  in  suspen- 
sion with  very  little  agitation;  and  (3)  seldoms  injures  foliage.  It 
is  generally  claimed  that  it  will  not  bum  or  injure  the  tenderest 
foliage,  but  this  is  not  true,  although  it  is  perfectly  safe  to  use  on 
most  garden  vegetables. 

Arsenate  of  lead  is  now  manufactured  rather  extensively  and  is 
put  up  and  sold  as  a  dry  powder  or  paste.  At  wholesale  prices  the 
manufactured  product  is  about  as  cheap  as  that  prepared  at  home, 
and  somewhat  preferable,  because  of  its  always  being  ready  to  mix 
with  water. 

Bordeaux  Mixture  and  Arsenicals. 

Bordeaux  mixture 50  gallons 

Containing  o^e  of  the  following: 

Paris  Green 1-3  to  1-2  pound 

Arsenate  of  Lead 3  pounds 

Green  Arsenoid -1-3  to  1-2  pound 

It  is  frequently  desirable  to  use  arsenicals  in  Bordeaux  mixture 
because,  in  addition  to  killing  the  insects,  the  plants  should  be  pro- 
tected from  leaf  diseases.  Bordeaux  mixture  is  a  great  help  towards 
keeping  plants  healthy.  Furthermore,  the  poison  is  made  to  adhere 
longer,  and  is  very  much  less  liable  to  injure  the  foliage  when  used 
in  this  manner. 

Bordeaux  Mixture. 

Bluestone  (Copper  Sulphate). 4  poimds 

Lime,  fresh  unslaked 6  pounds 

Water 50  gallons 

To  prepare. — ^Dissolve  the  bluestone  in  25  gallons  of  water  in  one 
receptacle,  and  slake  the  lime  in  another,  and  dilute  to  25  gallons. 
Do  not  pour  the  solutions  directly  together,  but  take  a  bucketful  of 
each  and  pour  these  simultaneously  into  a  barrel  or  spray  tank.     As 
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the  solutions  unite  a  fine  blue  precipitate  is  obtained,  and  the  result- 
ing mixture  will  not  settle  as  rapidly  as  when  the  two  solutions  are 
mixed  by  pouring  one  directly  into  the  other. 

Many  writers  advocate  making  Bordeaux  for  general  use  with  6 
pounds  of  bluestone  and  6  pounds  lime,  but  this  is  apparently  stronger 
than  is  necessary,  and  at  the  present  price  of  bluestone,  is  rather 
expensive. 

Adhesive  Rerni  Wash. 

With  a  few  plants,  like  cabbages  and  collards,  which  have  very 
smooth  foliage,  difficulty  is  often  experienced  in  making  poison  mix- 
tures adhere.     To  overcome  this  difficulty,  the  following  is  su^ested : 


Stock  Solution     •< 


''  Pulverized  Resin 5  pounds 

Concentrated  Lye 1  pound 

Fish  Oil ' 1  pint 

^  Water 5  gallons 


To  prepare. — Place  the  oil  and  resin  in  one  gallon  of  water  and 
boil  until  the  resin  is  thoroughly  softened.  Dissolve  the  lye  in  a 
separate  vessel  and  add  slowly  to  the  resin  mixture,  stirring  con- 
stantly until  well  mixed.  Then  add  four  gallons  of  water  and  con- 
tinue the  boiling  until  the  resulting  mixture  will  mix  readily  with 
cold  water. 

DIRECTIONS  FOR  USING. 

Resin  Mixture  (Stock  Solution) * 1  gallon 

Water   16  ^lons 

Milk  of  Lime  (2  poimds  unslaked  lime) 3  gallons 

Paris  Green  or  Green  Arsenoid 1-4  pound 

To  prepare. — Add  water  to  the  stock  solution  and  mix  thoroughly; 
then  add  the  milk  of  lime,  and  then  the  Paris  green  or  green  arsenoid. 
The  order  of  mixing  should  not  be  changed,  or  a  heavy  precipitate 
will  form  that  will  clog  the  spray  pump  and  nozzle.  The  stock  solu- 
tion may  be  kept  on  hand,  but  the  diluted  mixture  must  be  freshly 
prepared  when  used. 

Hellebore. 

Hellebore  acts  both  as  an  internal  and  contact  poison.  It  is  used 
against  soft-bodied  caterpillars,  such  as  cabbage  worms,  in  liquid 
form,  1  ounce  in  3  gallons  of  water;  or  mixed,  dry,  with  four  parts 
of  cheap  flour  or  road  dust.  It  loses  its  strength  when  exposed  and 
must  be  applied  every  two  or  three  days  as  long  as  the  worms  are 
present  This  is  not  very  valuable  for  use  except  on  vegetables  that 
are  nearly  grown. 
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Kerosene  Emulsion, 
Stock  Solution.    -« 


''  Hard  Soap 1-2  pound 

Or  Soft  Soap •. .  1  quart 

Water 1  gallon 

^  Kerosene 2  gallons 


To  Prepare. — Dissolve  the  soap  in  one  gallon  of  boiling  water. 
Remove  from  the  fire  and  add  two  gallons  of  kerosene  and  agitate  the 
mixture  violently  for  fully  ten  minutes.  As  the  kerosene  and  soap 
solutions  combine,  a  smooth,  creamy  emulsion  will  result,  and  when 
properly  mixed,  will  remain  for  weeks  without  separating.  The 
emulsion  is  best  prepared  by  using  a  small  force  pump,  throwing  a 
small  stream  and  pumping  the  mixture  back  into  itself  for  ten 
minutes.  Soft  water  should  be  secured,  but  a  little  common  lye  may 
be  used  to  "soften"  water  that  is  naturally  too  hard. 

For  convenient  reference  the  proper  amount  of  water  used  in  di- 
luting the  stock  solution  to  a  certain  strength  is  given  below : 

For  5  per  cent  emulsion  dilute  with  37  gallons  of  water. 
For  10  per  cent  emulsion  dilute  with  17  gallons  of  water. 
For  15  per  cent  emulsion  dilute  with  10  1-3  gallons  of  water. 
For  20  per  cent  emulsion  dilute  with  7  gallons  of  water. 

Tobacco  Products  (as  a  liquid  spray). 

Tobacco  leaves  or  stems 2  pounds 

Water 4  gallons 

Boil  for  about  2  hours. 

Tobacco  water,  made  by  the  above  formula,  should  be  used  at  full 
strength.  It  is  valuable  for  killing  plant  lice,  and  as  a  repellent 
against  flea  beetles,  cucumber  beetles,  etc. 

Tobacco  Products  (in  dry  form). 

Tobacco  dust  is  of  some  value  as  a  repellent  when  applied  liberally 
to  the  foliage  of  small  garden  plants. 

Soap  Solutions. 

Whale  oil  soap,  made  from  refuse  fish  oil,  is  a  valuable  contact 
poison  for  killing  plant  lice.  The  potash  soaps  are  preferable  to  soda 
soaps.  Common  potash  (washing  or  laundry)  soap  may  be  used 
with  success  at  a  strength  of  1  pound  in  3  or  4  gallons  of  water,  and 
is  just  as  effective  against  common  garden  plant  lice  as  whale  oil 
soap  or  dilute  kerosene  emulsion.  This  gives  a  little  better  result 
than  tobacco  water. 
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Pyrethrum. 

Pyrethrum,  also  known  as  Buhach,  Dabnation  powder,  and  Per- 
sian Insect  Powder,  is  poisonous  to  most  insects,  but  harmless  to 
higher  animals.  The  powder  gets  into  the  breathing  pores,  acting 
by  its  suffocating  effects,  and  it  also  contains  an  essential  oil  that  kills 
by  contact  As  this  oil  evaporates  rapidly  when  exposed  to  the  air, 
pyrethrum  must  be  kept  in  air-tight  receptacles  until  used.  Pyreth- 
rum kept  in  open  boxes  or  loose  drawers  is  very  nearly  worthless. 

Pyrethrum  in  dry  form  is  used  pure  or  diluted  with  flour,  and 
vdll  kill  cabbage  worms  and  most  soft-bodied  insects.  It  must  be 
applied  every  two  days  while  the  insects  are  numerous. 

Pyrethrum  in  solution  is  used  by  mixing  1  ounce  in  2  gallons  of 
water.     In  this  form  it  will  not  injure  the  tenderest  foliage. 

Tobacco  Fumigating  Papers, 

As  stated  on  p.  41  tobacco  fumigating  papers  have  been  carefully 
tested  in  Texas  as  a  remedy  for  lice  on  cucumbers,  cantaloupes,  etc. 
The  brands  that  have  been  well  tested  are  Nico-fume  Paper,  To-bak- 
ine  and  Aphis  Punk. 

These  papers  are  prepared  so  that  they  will  bum  rapidly  and  are 
generally  lighted  in  tin  cans  under  the  fumigating  frames,  which  are 
described  on  p.  41.  Old  tin  cans  with  perforations  near  the  bot- 
tom edge  answer  the  purpose  very  well.  The  actual  time  required 
to  kill  the  lice  will  vary,  but  may  be  easily  determined  by  experience. 

SPRAY  PUMPS   AND  EQUIPMENT. 

There  are  many  forms  of  spray  pumps  on  the  market,  some  good, 
and  some  almost  worthless  for  the  purpose  of  spraying  garden  plants. 
Qtood,  serviceable  spray  pumps  fitted  with  suitable  hose,  extension 
rod,  and  nozzle,  are  quite  necessary  for  the  proper  application  of 
some  materials  recommended  against  garden  insects.  Headers  who 
desire  information  on  the  subject  of  spray  pumps  and  equipment 
should  send  for  Bulletin  193  of  the  North  Carolina  Experiment 
Station,  and  should  also  write  to  a  number  of  spray  pump  manufac- 
turers for  catalogues.  Persons  who  have  never  used  spray  pumps 
will  do  well  to  investigate  the  merits  of  the  different  makes  before 
making  a  purchase.  The  names  of  Spray  Pump  Concerns  are  listed 
in  the  Bulletin  mentioned  above. 
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Br  JOHN  MICHELS,  Dairy  Husbandman. 


The  investigations  herein  reported  were  undertaken  with  a  view  to 
aiding  in  the  improvement  and  extension  of  the  milk  and  cream  in- 
dustry in  North  Carolina.  At  present,  the  necessity  for  refrigeration 
and  cleanliness  is  not  suflSciently  appreciated  by  most  dairymen. 
Investigation  shows  that  a  large  percentage  of  the  milk  retailed  jn 
the  larger  towns  and  cities  is  neither  cooled  nor  aerated,  a  fact  whicli 
causes  much  hardship  and  financial  loss  to  the  dairymen  of  the  State. 

Lack  of  thorough  cooling  necessitates  two  deliveries  of  milk  per 
day,  and,  what  is  still  worse,  requires  dairymen  to  milk  their  cows 
shortly  after  midnight  and  shortly  after  midday,  a  drudgery  which 
casts  a  damper  upon  the  whole  milk  business.  Lack  of  cooling  also 
means  financial  loss  through  souring  of  milk  and  leads  to  many  dis- 
satisfied customers.  Suitable  methods  for  cooling  milk  and  cream, 
as  well  as  plans  designed  by  us  for  the  construction  of  simple  and 
cheap  ice  boxes  and  sterilizers  for  both  large  and  small  dairymen, 
are  fully  described  and  illustrated  in  these  pages. 

The  cream  industry  of  the  State  is  still  in  its  infancy  and  scarcely 
any  attempt  has  been  made  at  shipping  this  product,  though  this 
could  be  made  profitable.  Neglect  of  the  development  of  this  indus- 
try by  our  own  people  has  led  to  its  monopolization  by  dairymen 
of  other  States.  We  face  the  deplorable  fact  that  several  of  the  lead- 
ing markets  in  this  State  are  largely  supplied  by  cream  shipped  from 
the  State  of  New  York. 

Conspicuous  among  other  things  is  the  need  of  more  and  better 
dairy  houses  on  dairy  farms,  and  two  ground  plans  of  such  houses 
have  been  prepared,  which  it  is  hoped  will  stimulate  much  needed 
improvement  along  this  line. 

MsLiij  points  of  general  information,  without  which  a  milk  and 
cream  business  can  not  be  successfully  conducted,  have  also  been  in- 
corporated. 

A  COMPARISON  OF  CREAM  SHIPPING  CANS. 

The  object  of  making  this  comparison  was  to  determine  the  rela- 
tive efficiency  of  different  types  of  cans  in  maintaining  low  tempera- 
tures. Four  leading  styles  of  cans  were  used :  (1)  an  insulated  me- 
tallic can;  (2)  an  insulated  wood  jacketed  can;  (3)  an  ordinary  ten- 
gallon  milk  can  with  felt  jacket  around  it;  and  (4)  an  ordinary  ten- 
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gallon  can  placed  inside  of  a  covered  ice-cream  shipping  tub.  An 
ordinary  ten-gallon  can  was  used  as  a  control.  (See  Figs.  1,  2,  3, 
4,5.) 


Fie.  1.— Insulated  Metalic  Can. 


Fio.-  2— Insulated  Wood  Jacketed  Can. 


Fio.  8— Felt  Jacketed  Can.      Fio.  4— Ice-cream  Shipping  Tub. 


Fig.  5— Ordinary  Milk  Can. 


In  all  the  experiments^  ten  gallons  of  water  was  used  in  each  can, 
and  all  cans  were  of  ten  gallons  capacity,  except  the  insulated  metallic 
can,  and  the  insulated  wood  jacketed  can,  which  had  a  capacity  each 
of  twenty  gallons.  The  initial  temperature  of  the  water  in  all  cans 
was  46®  F.  in  each  experiment. 
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The  relative  rise  of  temperature  at  intervals  up  to  twenty-four 
hours,  as  well  as  the  room  temperature  to  which  the  cans  were  ex- 
posed, are  shown  in  the  following  table: 

TABLE  L— Showing  Relativb  Epficikncy  of  Cans  in  Holding  Tempkbatubb.* 


^ 

11 

aj  M 

h5 

Temperature. 

It 

Ordinary 
Milk  Can. 

Insulated 

Metallic 

Can. 

Insulated 

Wood 

Jacketed 

Can. 

Ordinary 
Milk  Can 

Covered 
With  Felt 

Jacket. 

Ordinary 

Milk  Can 

in  Covered 

Wooden 

Tub. 

Pounds 

Ice 
Used  in 
Wooden 

Tub. 

3 

78 

50 

48 

48 

47 

42 

6 

1 

6 

73 

52 

49 

49 

4S 

40 

9 

70 

56 

52 

52 

50 

42 

24 

71 

60 

67 

57 

"    56 

52 

3 

78 

52 

49 

49 

49 

40 

38» 

2 

6 

79 

57 

50 

51 

51 

86 

9 

79 

59 

54 

55 

54 

84 

24 

66 

58 

55 

56 

54 

82 

8 

79 

50 

48 

48 

48 

88 

8 

8 

6 

81 

55 

50 

50 

50 

84 

9 

79 

60 

52 

52 

54 

85 

24 

70 

62 

57 

57 

56 

48 

3 

74 

50 

48 

48 

48 

48 

None. 

4 

0 

74 

54 

50 

51 

50 

50 

9 

72 

56 

51 

62 

51 

52 

24 

70 

60 

56 

56 

56 

66 

3 

83 

54 

48 

49 

^ 

42 

15 

6 

6 

84 

61 

52 

58 

52 

40 

9 

78 

64 

54 

55 

54 

41 

24 

77 

67 

50 

60 

60 

68 

t 

80 

57 

48 

48 

47 

48 

None, 

0 

6 

80 

55 

51 

50 

60 

51 

9 

74 

58 

62 

52 

51 

52 

24 

75 

60 

58 

58 

57 

ST 

3 

88 

54 

48 

48 

48 

42 

20 

7 

6 

85 

59 

52 

52 

61 

30 

9 

80 

62 

54 

54 

68 

86 

24 

81 

66 

61 

62 

61 

45 

I  Ice  used  was  broken  into  pieces  about  the  size  of  two  fists. 
9  Ice  size  of  nut  coal. 
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Table  I  shows  that  so  far  as  maintaining  temperature  is  concerned, 
there  is  practically  no  difference  in  the  insulated  metallic,  insulated 
wood  jacketed,  and  felt  jacketed  cans.  It  is  clear,  however,  that 
where  low  temperatures  are  to  be  maintained  for  nine  or  more  hours 
during  warm  weather,  the  covered  wooden  tub,  which  allows  ice  to  be 
packed  around  the  can,  is  the  most  satisfactory.  The  ice  should  be 
left  coarse,  and  should  be  packed  around  the  neck  of  the  can.  The 
amount  needed  will  vary  of  course  with  the  temperature  of  the  atmos- 
phere, and  the  length  of  time  the  cream  is  in  transit.  The  wooden 
tub  without  ice  has  practically  the  same  insulating  effect  as  the 
felt  jacket. 

EFFECT  OF  TEMPERATURE  ON   THE   KEEPING  QUALITY 

OF  MILK. 

The  bulk  of  milk  produced  in  this  State  is  sold  to  consumers  with- 
out any  cooling  whatever ;  hence  the  prevailing  practice  of  delivering 
the  morning  milk  in  time  for  breakfast,  and  the  evening  milk  in 
time  for  supper.  This  practice,  aside  from  necessitating  two  deliv- 
eries a  day  and  resulting  in  much  sour  milk,  requires  the  first  milking 
of  the  day  to  be  done  shortly  after  midnight,  and  the  second  milking 
shortly  irfter  midday. 

Few  dairymen  are  willing  to  undertake  dairying  when  the  milking 
must  be  done  at  these  hours.  Certainly  none  could  do  so  with  any 
degree  of  pleasure.  All  this  drudgery  of  night  and  day  work  can 
largely  be  obviated  by  thoroughly  cooling  the  milk  as  soon  as  pos- 
sible after  milking,  which  wiU  prolong  its  keeping  quality.  This  is 
clearly  shown  in  iJie  following  table,  in  which  the  night  milk  was 
cooled  to  45°  F.,  one  hour  after  milking,  and  then  placed  in  the 
refrigerator.  The  milk  of  the  following  morning  was  also  cooled 
to  45°  F.,  one  hour  after  milking,  after  which  it  was  placed  at  room 
temperature,  simultaneously  with  the  milk  of  the  previous  night, 
which  had  been  held  in  the  refrigerator.  Both  samples  of  milk  were 
tested  for  acidity  three  times  a  day  with  the  results  recorded  in 
Table  II.  With  these  and  all  other  samples  acid  determinations  were 
made  by  using  one-tenth  normal  sodium  hydroxide  with  phenolphtha- 
lein  as  indicator. 

To  those  unacquainted  with  milk  acid  tests,  it  should  be  stated 
that  milk  is  still  perfectly  sweet  when  it  shows  0.25  per  cent  acid, 
and  that  the  first  signs  of  "turning''  or  souring  are  usually  detected 
when  the  acidity  reaches  0.30  per  cent 
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TABLE  II.— Showing  Acidity  of  Milk  at  Diffbbbnt  Agbs. 


Kumber  of  Experiment. 


Acidity  of  Milk— Percent. 


5.00  1 
p.m. 


8.00 
a.m. 


12.00 
noon. 


6l00 
I>.m. 


S.00 
a.111. 


Night  mUk 

Morning  milk 

.Room  temperature . 


0.167 


0.180 
0.176 
74 


0.186 
0.189 


Night  milk 

Morning  milk 

.Room  temperature . 


0.160 


45 


0.181 
0.180 
74 


.0.185 
0.189 
88 


f  Night  milk _. 

ti  Morning  milk 

[.Room  temperature . 


0.J76 


I  Night  milk 
Morning  milk 
Room  temperature . 


45 


0.188 
0.180 
70 


0.189 
a  187 
76 


0.174 


0.188 
0.176 
60 


0.196 
0.190 
72 


0.100 
0.194 
81 


0.206 
0.212 
78 


a  194 

O.208 
77 


0.206 
a206 
70 


asoe 

0.811 


a297 

a  813 

70 


0L2S7 

a2i« 

64 


0.221 
a225 
50 


I  Night  milk  __ 
Morning  milk 
Room  temperature  _ 


0.168 
46 


0.180 
0.188 
70 


0.188 
0.189 
72 


t< 


Night  milk 

Morning  milk 

Room  temperature . 


0.174 


0.181 
a  187 
69 


ai96 
O.207 
70 


I  Night  milk 
Morning  milk 
Room  temperature . 


am 


0.201 
0.206 
71 


0.217 
0.216 
70 


Night  milk.. 

Morning  milk  _ 

.Room  temperature . 


0.205 


0.316 
0.206 
78 


a280 
0.2Z1 
78 


0.201 
0.201 
71 


O.206 
0.212 
76 


a280 
0.280 
78 


0.236 
a228 

eo 


a22i 

a2S4 
68 


a2S7 
a237 
7S 


a286  {  a5t2 
a228  I  aSS7 
78       I       72 


f  Night  milk 

Morning  milk 

Room  temperature . 


0.210 


44 


0.218 
0.212 
72 


M 


Night  milk 

Morning  milk 

.Room  temperature.. 


0.210 
46 


0.216 
0.206 
72 


a284 
0.219 
76 


0.226 
0.228 
84 


a241  { 
a225  j 

77       I 


0L878 

asoo 

72 


a24i  I     asM 
a290 ;     a6io 

78  82 
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TABLE  n—CJontinued. 


Number  of  Experiment. 


Acidity  of  Milk— Per  cent. 


5.00  s 
p.m. 


8.00 
a.m. 


12.00 
noon. 


5.00 
p.m. 


8.00 
a.m. 


U 


Ni^htmllk 

Morning  milk 

.  Room  temperature  . 


O.206 


45 


a204 
0.216 
75 


0.219 
0.280 
80 


0.225 
0.287 
80 


0.818 
0.800 
78 


(Night  milk 

12H  Morning  milk. 


(.  Room  temperature.. 


0.198 


I  Night  milk 

IS^  Morning  milk 

i 

LRoom  temperature.. 


45 


0.217 


a206 
0.210 
76 


a  212 
0.221 
75 


0.221 
0.228 
77 


a467 
0.709 

74 


0.2S2 
0.210 


0.287 
0.228 


40 


0.2i 
0.2^ 
82 


0.700 
0.278 
75 


z  Temperature  readings  In  this  column  were  made  In  the  refrigerator. 

The  results  show  that  there  is  only  a  very  slight  development  of 
acidity  in  milk  which  was  kept  at  temperatures  ranging  between  43° 
and  45°  F.  They  also  show  that  night  milk  kept  at  these  tempera- 
tures until  the  following  morning  (15  hours)  and  then  placed  at 
room  temperature  will  keep  sweet  fully  as  long  after  being  placed  at 
this  temperature  as  does  the  morning  milk  placed  at  the  same  room 
temperature  immediately  after  cooling  to  45°  F.  Table  II  further 
shows  that  night  milk  cooled  to  45°  F.  and  then  kept  at  refrigerator 
temperature  (43°  F.)  for  15  hours,  will  be  sweet  at  the  end  of  24 
hours,  even  when  kept  during  the  last  nine  hours  at  room  tempera- 
ture ranging  from  82°  to  92°  F. 

The  results  given  in  the  following  table  were  secured  by  cooling 
the  morning  milk  to  45°  F.  one  hour  after  milking,  and  then  keep- 
ing it  in  the  refrigerator  for  24  hours.  The  night  milk  of  the  same 
day  was  cooled  to  45°  F.,  one  hour  after  milking,  and  then  placed  in 
the  refrigerator  15  hours,  or  until  eight  o'clock  next  morning,  when 
it,  together  with  the  milk  of  the  preceding  morning,  was  placed  at 
room  temperature. 
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TABLE  III. — Showing  Acidity  of  Milk  at  Diffsrent  Ages. 


Number  of  Experiment. 


Morning  milk 

Night  milk 

Room  temperature 

(Refrigerator  temperature . 


Morning  milk _. 

Night  milk._ ._ 

Room  temperature 

LRefiigerator  temperature . 


Morning  milk 

Night  milk 

Room  temperature 

.  RefMgerator  temperature . 


Morning  milk 

Night  milk 

Room  temperature.- 

Refrigerator  temperature . 


r  Morning  milk_ 


I  Night  milk 

I  Room  temperature 

(^  Refrigerator  temperature  . 


Acidity  of  Milk—Percent. 


8.00 
a.m. 


5.00 
p.m. 


0.194 


Morning  milk 

Night  milk 

Room  temperature 

L  Refrigerator  temperature. 


0.18 


45 


45 


ai83  I 


42 


0.187 


45 


0.176 


45 


7  -{ 


Morning  milk 

Night  milk 

IRoom  temperature 
Refrigerator  tem^temture . 


f  Morning  milk _. 

Night  milk. __. 

Room  temperature 

Refrigerator  temperature . 


0.198 


0.208 


44 


0.198 
0.170 


40 


0.212 
0.176 


45 


0.187  I       0.201 
i       0. 187 


40 


0.194 
0.190 


46 


0.212 
0.187 


42 


8.00 
a.m. 


12.00 
noon. 


0.201 
0.206 
76 
42 


0.216 
a  219 
80 


0.228 
0.196 
86 
44 


0.287 
0.234 

84 


0.212 
0.196 
76 
41 


0.219 
0.201 


I 


0.208 
0.212 
79 


0.219 
0.221 
85 


44 


0.217 
0.216 
65 
41 


0.21 
0.2: 
80 


5.00 
p  m. 


8.00 


0.219 
a280 

84 


0.211 
a507 
70 


0.248 
0.241 
76 


0.261 

aass 

81 


0.290 
0.221 
93 


a  518 
a  313 

77 


0.: 

0.232 
96 


~r 


a234 
0.241 
76 


0.187 
0.180 


45 


0.194 
0.190 
73 
44 


0.205  I 
0.194 


43 


0.214 
0.216 
78 
44 


0.9D1 
0.210 
86 


0.216 
0.234 


0.657 
a8o6 
78 


a24S 

0.232 
73 


0.236 
0.3S4 
76 


0.214 


0.220 
0.210  .       0.212 
i       78 

46  46 


0.221 

0.228 

a232 

0.228 

0.228 

0.248 

87 

92 

73 

0.228 

0.235 

0.360 

0.226 

0.237 

0.370 

84 

86 

80 
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TABLE  ni.— Continued. 


Number  of  Experiment. 


Acidity  of  Milk— Percent. 


8.00 
a.m. 


5.00 
p.m. 


8.00 
a.ni. 


12.00 
noon. 


5.00 
p.m. 


8.00 
a.ni. 


Morning  milk 

Night  milk 

Ro«m  temperature 

Refrigerator  temperature 


0.206 


0.219 
0.214 


46 


a228 
0.216 
80 
4S 


a285 
0.219 
89 


0.285 
a  221 
89 


0.806 
0.806 

71 


It 


Morning  milk 

Night  milk 


0.210 


0.216 
0.194 


Room  t€mperature-. 


,  Refrigerator  temperature  _ 


48 


0.228 
0.199 
71 
41 


0.226 
0.214 
70 


0.2S7 
0.280 
78 


0.252 
0.287 
78 


This  table,  like  the  preceding,  shows  that  there  is  but  slight  acid 
deTelopment  in  milk  kept  at  refrigerator  temperatures  ranging  from 
42°  to  45°  F.  The  morning  milk  kept  at  these  temperatures  showed 
an  average  increase  of  acidity  of  only  0.05  per  cent  during  twenty- 
four  hours.  These  results  also  show  that  morning  milk,  after  being 
kept  at  42°  to  45°  F.  for  twenty-four  hours,  and  then  placed  at  high 
room  temperatures  is  still  perfectly  sweet  at  the  end  of  thirty-three 
hours. 

MILK   DELIVERIES. 

The  facts  brought  out  in  connection  with  our  cooling  experiments 
clearly  show  that  the  time  of  the  delivery  of  milk  may  be  made 
entirely  independent  of  the  time  of  milking.  When  milk  is  cooled 
to  45°  F.  and  kept  at  this  temperature,  the  night  milk  may  be  de- 
livered the  following  morning,  either  in  time  for  breakfast  or  after. 
The  morning  milk  may  be  kept  in  the  refrigerator  till  after  dinner 
and  delivered  before  supper.  Of  course  the  milk  will  be  fresher  and 
sweeter  for  the  consumer  when  the  night  milk  is  delivered  before 
breakfast,  so  that  the  morning  milk  need  not  be  kept  over  night  by 
the  consumer. 

%Upon  our  advice,  this  latter  plan  of  delivery  has  been  adopted  by  a 
local  dairyman,  who,  like  the  vast  majority,  had  been  in  the  habit  of 
milking  his  cows  shortly  after  midnight  and  shortly  after  midday 
and  delivering  his  milk,  without  cooling,  immediately  after  milking. 
The  effect  of  the  change  has  been  a  marked  improvement  in  the 
quality  of  his  milk,  as  is  evidenced  both  by  a  marked  increased  de- 
mand for  it  as  well  as  by  a  very  material  reduction  of  its  bacterial 
content  From  the  middle  of  March  to  the  middle  of  May,  1907, 
under  the  old  system,  the  number  of  bacteria  contained  in  his  milk 
averaged  634,400  per  cubic  centimeter,  while  under  the^ey^jgstem 
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for  the  oorresponding  period  of  1908,  the  number  of  bacteria  averaged 
only  236,000  per  cubic  centimeter,  a  reduction  of  63  per  cent.  This 
reduction  in  bacterial  content,  furdiermore,  was  accomplished  in  spite 
of  the  fact  that  the  cooled  milk  reached  the  market  from  six  to  twelve 
hours  older  than  did  the  uncooled  milk  delivered  under  the  old  sys- 
tem. In  addition,  this  dairyman  and  his  milkers  found  the  work 
under  the  new  system  much  more  agreeable,  because  it  permitted  the 
milking  to  be  done  at  hours  which  suited  their  convenience  and 
comfort. 

With  thorough  cooling,  it  is  possible  to  deliver  both  ni^t  and 
morning  milk  at  the  same  time,  preferably  before  dinner.  Milk  so 
delivered  will  be  sweet  the  following  morning,  especially  when  kept 
cool  in  transit  and  in  the  home  of  the  consumer. 

Whatever  plan  of  delivery  is  adopted,  it  is  certain  that  milk  thor^ 
oughly  cooled  and  kept  cool  fifteen  hours  before  delivery,  will  give 
consumers  better  satisfaction  than  milk  delivered  immediately  i^ter 
milking  without  cooling.  Not  only  will  the  milk  be  of  better  quality 
but  the  milkman  may  milk  his  cows  at  his  convenience,  say  at  5 
o'clock  in  the  momiug  and  4  o'clock  in  the  afternoon,  or  just  as  he 
would  if  he  were  making  butter. 

ACIDITY  OF  FRESH   MILK. 

In  Tables  II  and  III,  the  first  acid  determination  reported  for  both 
the  night  and  morning  milk  was  made  one  hour  after  milking.  The 
percentage  thus  found  in  fresh  milk  averaged  nearly  0.2  per  cent,  or 
practically  double  liat  ordinarily  reported  by  dairy  chemists. 

The  ration  fed,  while  these  acid  determinations  were  being  made, 
consisted  of  com  stover  and  com  silage  as  roughage,  and  four  parts 
cotton-seed  meal,  two  parts  dried  brewers'  grains,  and  two  parts  com 
meal  as  the  concentrates.  A  few  cows,  however,  received  no  silage, 
but  the  acidity  of  their  milk  was  practically  the  same  as  that  secured 
from  silage-fed  cows.  The  high  acid-content  of  all  these  samples 
can  not  therefore  be  ascribed  to  the  feeding  of  silage. 

Some  of  the  milk  was  boiled  slightly  to  drive  off  any  carbon 
dioxide  which  it  might  contain,  with  the  result  that  a  slightly  reduced 
percentage  of  acid  was  found.  Further  studies  are  being  made  lo 
ascertain,  if  possible,  the  cause  for  the  presence  of  the  unusually 
high  percentage  of  acid  found  in  the  fresh  milk  used  in  these  ex- 
periments. 

A  CHEAP  AND  EFFECTIVE  ICE  BOX. 

Cold  storage  of  some  kind  is  indispensable  to  a  well  equipped 
dairy.  Many,  however,  lack  this  essential,  and  probably  lai^y 
owing  to  the  high  co^t  of  conmiercial  refrigerators.  The  construc- 
tion of  the  ice  box  detailed  below  is  the  result  of  an  attempt  to  give 
dairymen  a  serviceable  cold  storage  at  as  low  a  cost  as  possible. 


HANDLING  AND  MARKETING  OF  MILK  AND  CREAM. 


13 


The  construction  of  this  box,  ^shown  in  Fig.  6,  consists  essen- 
tially of  two  boxes  separated  by  1-inch  strips  placed  at  intervals  of 
about  one  foot  Double  thickness  of  building  paper  is  placed  on 
both  sides  of  the  strips  and  tacked  to  the  boxes.  A  1-inch  strip,  two 
inches  wide,  covers  tiie  upper  space  between  the  1-inch  strips,  thus 
miilriTig  a  dead-air  space  between  the  two  boxes.  The  construction 
of  the  cover  is  the  same  as  that  of  the  bottom,  with  the  exception  that 
there  is  a  flange  at  the  front  and  sides  of  the  cover. 


T&Oi9«AMO%. 


Fig.  6--CroflB-6ectiozi  through  Ice  Box. 

The  sides,  bottom  and  cover  of  the  refrigerator  are  built  of  |-inch 
tongued  and  grooved  lumber,  five  and  a  half  inches  wide.  The 
ends  are  constructed  of  1^-inch  tongued  and  grooved  flooring  three 
and  a  half  inches  wide.  The  inside  of  the  ice  box  is  lined  with  gal- 
vanized iron.     To  insure  tightness,  a  layer  of  felt  is  tacked  around 
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the  box  and  coyer  where  the  two  meet  The  four  vertical  edges  of 
the  refrigerator  are  tightened  and  strengthened  by  tacking  over  each 
a  double  layer  of  paper,  which  is  covered  with  two  6-inch  boards. 

A  heavy  weight  attached  to  a  ;^-inch  rope,  running  over  a  pulley 
fastened  to  the  ceiling,  raises  the  cover  and  holds  it  open  when  de 
sired.  A  short  piece  of  rope  with  a  hook  attached  is  used  to  counter 
balance  the  weight  by  hooking  to  the  side  of  the  box,  thus  allowing 
the  full  weight  of  the  cover  to  rest  on  the  box. 

A  short  piece  of  ^-inch  gas  pipe  is  inserted  through  the  bottom  of 
the  box  to  provide  drainage,  the  outlet  of  this  pipe  being  immersed 
in  a  cup  of  water  to  prevent  entrance  of  air  into  the  box. 

The  entire  construction  of  the  ice  box  is  so  simple  that  any  one 
with  a  little  knowledge  of  carpentry  can  readily  build  it 

The  inside  dimensions  are:  Length,  7  1-3  feet;  width,  2 J  feet; 
depth,  2  1-8  feet 

An  itemized  statement  of  the  cost  of  it  is  as  follows : 

200  ft.  %"  X  5%"— 16'  tongued  and  grooved  lumber $4.00 

64  ft.  l%"  X  3%"— 16'  tongued  and  grooved  lumber 2.16 

168  ft  1"  X  1"— 12'  strips 1.26 

4  hinges 60 

%  yard  felt   63 

16  ft.  %-inch  rope 30 

2  strong  hooks ^ 10 

1  2-inch  iron  pulley t 50 

Carpentry  work,  3  days 6.00 

Complete  lining  with  galvanized  iron 11.25 

500  sq.  ft  building  paper 60 

Total  cost $27.40 

Commercial  refrigerators  of  equal  capacity  and  no  greater  eflS- 
ciency  will  cost  from  $60.00  to  $100.00,  or  about  three  times  as  much 
as  the  refrigerator  above  described. 

A  test  of  this  ice  box  for  six  days  with  an  average  of  200  pounds  of 
ice  in  the  box  showed  that  an  average  temperature  of  39°  F.  was 
maintained  within  it,  with  an  average  daily  consumption  of  40i 
pounds  of  ice,  while  the  temperature  of  the  room  in  which  the  ice 
box  was  kept  averaged  74°  F. 

When  twenty-two  gallons  of  milk,  which  had  been  cooled  to  45°  F., 
were  stored  in  the  box  eight  hours  daily  with  the  other  ^conditions  as 
above,  the  average  daily  ice  consumption  for  six  days  was  49  pounds, 
and  the  average  temperature  of  the  box  40°  F. 

A  CHEAP  AND  EFFICIENT  STERILIZER. 

All  vessels  and  appliances  used  in  the  handling  of  milk,  cream  and 
butter  should  be  rendered  sterile  after  washing,  either  by  placing 
them  in  boiling  water  for  about  five  minutes  or  by  steaming  them 
for  an  equal  length  of  time. 
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Small  dairies  without  boilers  should  sterilize  with  hot  water,  but 
the  larger  dairies  will  find  it  advantageous  to  use  a  steam  boiler  and 
sterilized  with  steam.  To  perform  this  operation  efficiently,  it  re- 
quires a  closed  steam  chest  large  enough  to  hold  everything  that  is 
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Fig.  7 — Cross-section  of  Sterilizer. 


to  be  sterilized.  Sterilizers  of  this  type  are  usually  constructed  of 
concrete,  or  brick  and  concrete,  and  are  provided  with  a  heavy  iron 
door,  this  being  large  enough  to  admit  a  truck  bearing  the  pails,  cans, 
bottles,  etc.     Still  other  sterilizers  of  this  type  are  constructed  q>t 
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galvanized  iron  or  boiler  plate,  and  all  permit  of  sterilizing  under 
more  or  less  pressure. 

The  principal  drawback  to  these  various  steam  sterilizers  is  the  high 
cost,  which  renders  their  use  by  the  smaller  dairymen  almost  pro- 
hibitive. After  considerable  experimentation  and  study,  the  writer 
has  succeeded  in  constructing  an  efficient  sterilizer  which  will  cost 
only  about  one-third  as  much  aB  the  cheapest  sterilizer  of  the  type 
just  mentioned.  The  construction  of  this  new  sterilizer,  whose  inside 
dimensions  are :  7  feet  long  by  2 J  feet  deep,  by  2 J  feet  wide,  is  very 
simple.     (See  Fig.  7.) 

Essentially,  it  is  a  rectangular  concrete  tank  with  a  wooden  cover, 
which  is  lined  with  zinc.  The  sides  and  bottom  are  five  inches  thick 
and  are  built  of  concrete,  which  is  made  up  of  one  part  cement,  two 
parts  sand,  and  two  parts  coarse  gravel.  A  thin  coat,  consisting  of 
one  part  cement  and  two  parts  sand,  is  used  as  an  iaside  finish.  A 
piece  of  2  X  4  studding  is  placed  around  the  top  of  the  tank  and  is 
secured  by  six  ^-inch  iron  rods,  two  feet  long,  embedded  in  the  con- 
crete walls,  one  being  placed  at  each  comer,  and  one  on  either  side 
midway  between  the  corners.  This  arrangement  not  only  strengthens 
the  tank,  but  also  makes  the  cover  fit  tighter. 

The  cover  consists  of  two  thicknesses  of  1 1-8-inch  tongue  and 
grooved  flooring  3^  inches  wide.  The  upper  boards  run  lengthwise 
and  the  lower  crosswise  of  the  tank.  The  lower  boards  fit  into  a 
shoulder  projecting  from  the  base  of  the  2  x  4  studding.  The  entire 
inside  portion  of  the  cover  is  covered  with  zinc.  To  insure  additional 
tightness  of  the  cover,  a  layer  of  asbestos  is  placed  on  top  of  the  2  x  4?. 
A  safety  valve,  set  at  ten  pounds  pressure,  is  inserted  through  the 
top  of  the  cover  at  the  most  convenient  place.  An  outlet  for  con- 
densed steam  is  provided  at  the  bottom. 

The  cover  is  raised  and  lowered  in  the  same  manner  as  that  of  the 
ice  box  described  on  page  15.  The  cover  is  strengthened  by  running 
three  pieces  of  2  x  4  studding  crosswise  of  the  tank,  one  at  lie  middle 
and  one  at  either  end.  The  hinges,  by  which  the  cover  is  fastened, 
are  attached  to  these  2x4  pieces,  as  shown  in  Fig.  7. 

The  following  is  an  itemized  statement  of  the  approximate  cost  of 
the  material  of  this  sterilizer  when  the  inside  dimensions  are: 
Length,  7  1-3  feet;  width,  2 J  feet;  depth,  2  1-3  feet: 

2  bbl8.  of  Portland  cement   $5 .20 

20  ft.  of  2  X  4  studding 30 

110  ft.  of  1%  tongue  and  grooved  flooring,  S^^  wide 4 .  40 

4  hinges 40 

6  lbs.  nails   20 

6  %-inch  iron  rods  2^4  feet  long 1 . 20 

3  hasps 30 

20  sq.  ft.  zinc 1 .  75 

Ball  and  lever  safety-valve 1 .  00 

3  pounds  sheet  asbestos , ^^ 

Total Digitized  by  V3UU^lV.  .^15. 05 
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EFFICIENT  MILK  AND  CREAM  COOLER. 

After  a  careful  test  of  different  cooling  devices,  it  has  been  found 
that  for  dairies  having  twenty  or  more  cows  the  cooling  arrangement 
shown  in  Fig.  8  is  tiie  best  thus  far  tried.     This  flat,  corrugated 


Fig.  8— Milk  and  Cream  Cooler. 

cooler  consists  of  two  parts :  an  upper  section,  which  is  used  for  cool- 
ing milk  or  cream  with  uniced  water,  and  a  lower  section,  through 
which  ice  water  is  circulated.  By  means  of  the  pump  at  the  left,  the 
ice  water  is  pumped  back  in  the  tin  can  at  the  right,  which  containa 
the  ice.  The  well  water  is  admitted  to  the  upper  section  of  the 
cooler  by  opening  the  valve  shown  at  the  upper  right-hand  comer  of 
the  cooler.  On  a  farm,  a  barrel  or  tank  elevated  to  the  height  of  this 
valve  could  be  used  as  a  water  storage  from  which  water  may  be 
drawn  into  the  upper  section  of  the  cooler.  The  water  in  both  sec- 
tions enters  at  the  bottom  between  the  two  corrugated  surfaces  and 
discharges  at  the  top,  the  milk  flowing  over  the  outside. 

As  might  be  expected,  by  forcing  the  ice  water  from  the  cooler 
back  into  the  ice  water  storage,  a  considerable  saving  is  effected,  not 
only  of  ice  and  water,  but  of  time  as  well.  Proof  of  these  advan- 
tages is  brought  out  by  the  results  recorded  in  the  following  table, 
which  shows  the  work  of  the  cooler  with  and  without  the  ice  water 
pump.     When  no  pump  was  used,  ordinary  well  water  was  sprayed 
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over  finely  crushed  ice  in  the  can  shown  at  the  right,  and  the  dis- 
charge was*  allowed  to  run  into  the  drain. 

All  the  milk  was  cooled  to  45°  F.,  and  the  amount  of  milk  cooled  in 
each  experiment  was  eighty-four  gallons,  one-half  of  which  was  cooled 
with  a  pump  and  the  other  l\alf  without : 

TABLE  IV. — Showing  Work  op  Cooleb  With  and  Without  the  Pump. 


1   Amount 
Number  of  Expeiiment.                  i  Ice  Used— 

1    Pounds. 

Time  In 
Coolini^— 
Minutes. 

Temperature 
of  Milk  Before 
Cooling— De- 
grees F. 

Tempera  turv> 

of  Wti: 

Water- De- 

grei^sF. 

1 
rWith  pump '         37 

(Without  pump !         89 

45 
92 

as 

88 

73 

1                    1 
rWith  pump 35                  40 

No.  2  ^                                                         1                    1 

(without  pump. _ 94         i         82 

85             j             lifi 
U                         66 

(With  pump '         32 

No.  3  < 

(without  pump _.          85 

35 
93 

82 
85 

64 

i 
rWitb  pump 38 

(Without  pump ,         95 

45 

85 

88 
85 

^2 
72 

(With  pump 

No.  5  < 

(Without  pump _ ^_^    ^ 

34 

83 

43 

88 

85 
88 

70 
70 

(With  pump 

35 
89 

41 

88 

85 
86 

69 

Average  < 

(Without  pump __ 

*         ® 

For  smaller  dairies,  a  cheap  cooler  like  that  shown  in  Fig.  9  mav 
be  used  to  advantage.     The  water  enters  the  bottom  of  the  cooler  and 


Fig.  9— Milk  and  Cream  Cooler. 

discharges  at  the  top,  the  milk  flowing  in  a  thin  sheet  over  the  out- 
side.    Ice  may  be  placed  inside  of  the  cooler.  .    iiin,.!- 
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GROUND  PLAN  FOR  DAIRY  HOUSES. 

Ttto  satisfactory  ground  plans  for  dairy  houses  are  shown  in  Figs. 
10  and  11. 


/ 


e 


;^|: ^ 


FI^.  10— Ground  Plan  for  Dairy  House 
for  10  to  20  Cowa. 


Fig.  11— Ground  Plan  for  Dairy  House 
for  20  to  50  Cows. 


(Interchange  position  of  cooler  and  bottling  table  in  Fig,  11.) 

The  dimensions  of  the  smaller  dairjir  house  are  10'  x  16',  and  those 
of  the  larger  16'  x  24'. 

GENERAL  INFORMATION. 

Many  cities  in  North  Carolina  are  suffering  from  a  shortage  of 
milk  and  cream,  in  spite  of  the  remunerative  prices  which  are  offered 
for  these  products.  This,  no  doubt,  is  largely  due  to  the  fact  that 
dairymen  remotely  situated  from  cities,  believe  that  distance  must 
necessarily  deprive  them  of  city  markets.  It  is  certain  at  any  rate 
that  scarcely  any  effort  is  being  made  by  these  dairymen  to  cater  to 
city  trade.  Enquiry  shows  that  shipment  of  cream  and  milk  by  rail 
has  scarcely  been  attempted  in  this  State.  Yet  that  this  can  be  su(^ 
cessfully  done  is  amply  proven  by  our  own  experience  and  by  the  fact 
that  a  large  portion  of  the  cream  used  in  the  State  ^is  sent  in  frem 
other  States. 

To  make  milk  and  cream  shipment  a  success,  however,  it  is  neces 
sary  to  understand  the  correct  handling  of  the  milk  Jjj^^^i^^^m^ 
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it  leaves  the  cow  until  it  reaches  the  city  dealer.     The  brief  discus- 
sion which  follows  is  intended  to  supply  this  information. 

SANITARY  MILK  PRODUCTION. 

The  first  and  most  important  essential  in  building  up  a  successful 
cream  and  milk  business  is  cleanliness.  Milk  produced  and  handled 
under  filthy  conditions  is  dangerous  to  the  health  of  adults  and  is 
one  of  the  chief  causes  of  the  high  mortality  among  infants.  A 
large  proportion  of  the  consumers  in  cities  is  conscious  of  these  dan- 
gers, and  will  pay  almost  any  price  for  milk  and  cream  that  are 
known  to  be  clean  and  wholesome.  The  conditions  necessary  for  the 
production  of  a  high  class  of  milk  are  discussed  in  the  following 
paragraphs : 

Healthy  Cows. — The  health  of  the  cow  is  of  prime  importance  in 
the  production  of  sanitary  milk.  All  milk  from  cows  affected  with 
disease  of  any  kind  should  be  discarded.  Aside  from  the  general  un- 
fitness of  such  milk,  there  is  danger  of  disease  producing  organisms 
getting  into  the  milk.  It  has  been  found,  for  example,  that  cows 
whose  udders  are  affected  with  tuberculosis,  yield  milk  containing 
the  germs  of  this  disease.  Even  where  the  udder  is  not  affected, 
there  is  great  danger  of  infecting  the  milk  with  tubercle  germs,  be- 
cause these  germs  are  frequently  found  in  the  dung  of  tuberculous 
cows.  The  prevalence  of  this  disease  among  cows  makes  it  impera- 
tive to  determine  definitely  whether  or  not  cows  are  affected  with  it 

Clean  Cows. — The  source  of  most  of  the  dirt  commonly  found  in 
milk  is  the  cow;  hence  the  importance  of  keeping  her  thoroughly 


Fig.  12-Covered  Milk  Pail. 


clean.  This  requires  clean  dry  bams  and  barnyards,  daily  carding  of 
the  cows,  and  washing  of  the  udder  before  mining.  A  covored  pail 
like  that  shown  in  Fig.  12  reduces  contamination  to  a  great  extent 
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Sterile  Milk  Vessels. — All  vessels  used  in  the  handling  of  milk 
and  cream  should  be  made  of  good  tin,  with  as  few  seams  as  possible. 
Wherever  seams  occur,  they  should  be  flushed  with  solder.  Un* 
flushed  seams  are  difficult  to  clean  and  afford  good  breeding  places  for 
bacteria.  It  is  very  important  to  clean  and  sterilize  all  milk  vessels 
as  soon  as  possible  after  use.  This  is  satisfactorily  accomplished  as 
follows : 


Fig.  13— Bottle  Wasnei. 

First,  rinse  with  warm  or  cold  water,  which  should  be  followed  by 
scrubbing  with  moderately  hot  water  containing  some  alkali,  like  sal 
soda.  The  washing  should  be  done  with  brushes  rather  than  cloths, 
because  the  bristles  enter  into  crevices  which  the  cloth  could  not  pos- 
sibly reach.  Next  scald  thoroughly  with  steam  or  hot  water  after 
rinsing  in  clean  water.  After  scalding,  the  utensils  should  be  in- 
verted on  shelves  without  wiping  and  allowed  to  remain  imtil  ready 
for  use-  If  possible,  turn  the  inside  of  the  vessel  to  the  direct  rays 
of  the  sun  in  a  place  where  there  is  no  dust.  The  best  place  in  which 
to  leave  the  vessels  is  a  covered  sterilizer. 

Clean  Milkers. — No  diseased  or  convalescent  person  should  come 
in  contact  with  the  cows.  At  milking  time,  clean  milking  suits 
should  take  the  place  of  those  worn  in  the  fields,  and  the  milkers 
should  wash  their  hands  thoroughly  just  before  milking.  The  filthy 
practice  of  milking  with  wet  hands  can  not  be  too  strongly  condemned, 
since  it  is  just  as  easy,  if  not  more  so,  to  milk  with  dry  hands. 
Where  the  milker  wets  his  bands  with  milk,  some  of  it  is  bound  to 
drop  into  the  pail,  carrying  with  it  thousands  or  even  millions  of 
bacteria. 
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Clean,  Wholesome  Feed  and  Water. — Highly  fennented  and 
aromatic  feeds  like  sour  brewers'  or  distillery  grains  and  wild  onions 
when  eaten  by  the  cows,  are  certain  to  produce  bad  flavored  milk. 
The  same  may  be  said  of  impure  or  stagnant  water. 

Dust  Feee  Aib. — Great  precaution  should  be  t^iken  not  to  raise 
any  dust  in  the  stable  about  milking  time,  for  some  of  this  will  be  cer- 
tain to  find  its  way  into  the  milk.  Cows  should  therefore  never  be 
bedded  or  given  dusty  feed  just  before  or  during  milking. 

Straining  Milk. — Milk  should  be  drawn  so  clean  as  to  make  it 
almost  unnecessary  to  strain  it.  This  operation  is  frequently  done 
under  the  illusion  that  so  long  as  it  removes  all  visible  dirt  the  milk 
has  been  entirely  purified.  The  real  harm,  however,  that  comes  from 
hairs  and  dust  particles  dropping  into  the  milk  is  not  so  much  in  the 
hairs  and  dust  particles  themselves  as  in  the  millions  of  bacteria 
which  they  carry  with  them.  These  bacteria  are  so  small  that  no 
method  of  straining  will  remove  them.  Straining  can  not  even  re- 
move all  of  the  dirt,  because  some  of  it  will  go  in  solution. 

A  good  strainer  consists  of  two  thicknesses  of  cheese  cloth  with  a 
layer  of  absorbent  cotton  between.  The  strainer  is  to  be  placed  on 
the  can  or  vat  into  which  the  milk  is  to  be  strained  and  not  on  the 
milk  pail. 

Flies. — Flies  not  only  constitute  a  prolific  but  also  a  dangerous 
source  of  milk  contamination.  These  pests  visit  places  of  the  worst 
description  and  their  presence  in  a  dairy  suggests  a  disregard  for 
cleanliness.  Of  414  flies  examined  by  the  Bacteriolc^ist  of  the  Con- 
necticut Station,  the  average  number  of  bacteria  carried  per  fly  was 
one  and  a  quarter  millions. 

NECESSITY  FOR  THOROUGH  COOLING. 

Next  to  cleanliness,  a  low  temperature  is  of  the  greatest  importance 
in  marketing  milk  and  cream.  The  temperature  should  be  reduced 
to  45°  F.  or  below  as  soon  as  possible  after  milking.  This  requires 
special  coolers  like  those  shown  in  Figs.  8  and  9.  Cooling  not  only 
materially  prolongs  the  keeping  quality  of  milk,  but  also  improves  its 
flavor.  !Milk,  no  matter  how  clean,  will  have  a  more  or  less  stifled 
odor  if  bottled  without  cooling. 

If  the  milk  or  cream  is  to  be  held  any  length  of  time  after  cooling, 
it  should  be  put  into  an  ice  box  similar  to  the  one  described  on 
page  13. 

RELATIVE  MARKET  VALUE  OF  MILK,  CREAM  AND  BUTTER. 

Whether  it  pays  best  to  sell  milk,  cream  or  butter  depends  largely 
upon  the  market  prices  for  these  products.  In  North  Carolina  these 
prices  will  average  about  as  follows:    t^^^ter,  25  c^rjte^^ner  pound; 
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milk^  8  cents  per  quart;  and  cream,  testing  20  per  cent  butter  fat, 
$1.00  per  gallon.  Accepting  these  as  average  prices,  let  us  detei* 
mine  the  relative  returns  from  one  hundred  pounds  of  milk  contain- 
ing 4  per  cent  butter  fat,  when  (1)  retailed  by  the  quart;  (2)  when 
sold  as  cream;  and  (3)  when  made  into  butter. 

One  hundred  pounds  of  4  per  cent  milk  is  equal  to  46.5  quarts  (a 
quart  of  milk  weighs  2.15  poimds),  which  at  8  cents  per  quart  is 
worth  $3.72. 

One  hundred  pounds  of  4  per  cent  milk  will  make  2.5  gallons  of 
crt  am  testing  20  per  cent  fat,  as  determined  by  the  following  formula : 

X  =  ( A^X_B)j  in  which 

C 
X  =  Number  pounds  of  cream 
A  =  Number  pounds  of  milk 
b  =  Test  of  milk 
C  =  Test  of  cream 

Substituting  we  get, 

X  =  (100  X  4)=  20,  the  number  of  pounds  of  cream. 
20 

x\t  8  pounds  to  the  gallon  the  20  pounds  of  cream  will  be  equal  to 
2.5  gallons  which,  at  $1.00  per  gallon,  will  bring  $2.50.  Allowing 
1  cent  per  pound  for  the  skim  milk,  we  have  80  cents  as  the  selling 
price  of  skim  milk,  which,  when  added  to  the  $2.50,  gives  a  total  value 
of  $3.30  for  each  hundred  pounds  of  milk. 

One  himdred  pounds  of  4  per  cent  milk  will  yield  4  2-3  pounds 
of  butter,  because  where  up-to-date  methods  of  creaming  and  chuni- 
ing  are  followed  every  pound  of  butterfat  will  make  1  1-6  pounds 
of  butter.  Four  and  two-third  pounds  of  butter  at  25  cents  per  poimd 
are  worth  $1.17.  Valuing  buttermilk  at  the  same  price  as  skim 
milk  (1  cent  per  pound),  95  cents  should  be  added  to  the  $1.17  as  the 
value  of  the  skim  milk  and  buttermilk,  which  makes  a  total  value 
of  $2.12. 

The  preceding  calculation  shows  that  at  the  prices  given,  100 
pounds  of  4  per  cent  milk  is  worth  $3.72  when  retailed  by  the 
quart;  $3.30  when  sold  as  cream  in  bulk;  and  $2.20  when  made  into 
butter.  Since  selling  the  cream  in  bulk  requires  much  less  labor  than 
retailing  milk  by  the  quart,  and  since  cream  also  sours  less  quickly 
than  milk,  there  is  no  question  whatever  that  it  is  more  profitable 
to  sell  cream  than  milk.  It  is  also  evident  that  it  pays  better  to  retail 
milk,  where  this  is  possible,  than  to  make  butter. 

STANDARDIZING  CREAM  AND  MILK. 

This  is  a  process  by  which  milk  and  cream  are  brought  to  a 
definite  percentage  of  fat.  For  example,  one  customer  may  want 
cream  testing  30  per  cent  fat,  another  may  prefer  20  per  cent  and 
still  another  may  want  40  per  cent,  and  so  on.     While  the,  ^r^am 
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separator  may  be  regulated  to  give  cream  of  any  desired  richness, 
there  will  necessarily  be  some  variation  in  the  percentage  of  fat  from 
day  to  day,  so  there  must  be  devised  some  way  of  getting  cream  to 
test  the  same  every  day.  This  is  best  accomplished  by  producing 
cream  somewhat  above  the  richness  desired  and  then  reducing  the 
same  to  the  required  richness  by  the  addition  of  skim  milk.  The 
amount  of  skim  milk  to  be  added  is  determined  from  the  following 
formula : 

X  =_(A_X_B)— A,  in  which 
C 

X  =  Number  pounds  of  skim  milk  to  be  added 
A  =  Number  pounds  of  original  cream 
B  =  Test  of  original  cream 
C  =  Test  desired. 

Problem. — How  many  pounds  of  skim  milk  must  be  added  to  70 
poimds  of  cream  testing  44  per  cent  to  reduce  the  test  to  20  per  cent  I 
Applying  the  formula  we  get — 

X  =  (70X44)  — 70  =  84  pounds. 
20 

This  formula  may  also  be  used  in  standardizing  milk. 

THE  CREAM  SEPARATOR. 

Dairies  having  four  or  more  cows  should  cream  their  milk  with 
a  centrifugal  machine,  a  hand  separator.  The  saving  of  butter  fat 
by  the  use  of  this  method  will  soon  pay  for  the  cost  of  the  separator. 
Moreover,  this  method  has  additional  advantages  over  the  common 
gravity  or  shallow  pan  method  of  creaming,  in  that  it  provides  fresh, 
sweet  cream  of  any  desired  richness  as  well  as  furnishing  sweet  skim 
milk  for  feeding  purposes.  The  man  who  sells  cream  should  provide 
himself  with  a  centrifugal  cream  separator. 

That  the  owner  of  four  good  cows  can  afford  to  invest  $50.00  in  a 
small  cream  separator  that  would  answer  for  this  number  of  cows,  is 
shown  by  the  following :  Four  good  cows  will  yield  not  less  than 
24,000  pounds  of  milk  a  year.  By  the  common  shallow  pan  method 
of  creaming,  the  loss  of  butter  fat  will  average  0.7  pound  for  every 
100  pounds  of  milk.  With  the  centrifugal  separator  the  loss  of  fat 
will  not  average  over  0.05  pound,  hence  there  wall  be  effected  a  sav- 
ing of  0.65  pound  of  butter  fat  in  each  100  pounds  of  milk  by  the 
use  of  the  separator.  At  this  rate,  the  total  saving  of  butter  fat 
annually  on  liie  24,000  pounds  of  milk  will  be  156  pounds.  Since 
each  pound  of  butter  fat  will  yield  approximately  1  1-6  pounds  of 
butter,  183  pounds  of  butter  will  be  saved  by  the  process,  which  taken 
at  25  cents  per  pound  amounts  to  a  difference  of  $45.75.  This  sav- 
ing in  butter  fat  alone  will  almost  pay  for  the  separator  in  one  year. 
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CONCLUSIONS. 


The  cottonseed  hulls  and  shredded  corn  stoyer  fed  In  this  experiment 
were  of  equal  Talne  as  milk  and  bntterfat  producers.  It  should  be  stated, 
howoTer,  that  the  hulls  were  of  good  ayerage  quality,  while  the  storer  was 
below  arerage,  especially  in  palatability. 

It  is  a  wasteful  practice  for  farmers  to  purchase  cottonseed  hulls  at  $&00 
per  ton  when  shredded  com  stoTcr  of  inferior  quality  can  be  fed  with  equallj 
satisfactory  results. 

Boiled  oats  constitute  an  excellent  substitute  for  milk  in  calf  feeding. 
They  are  higlily  relished  by  young  calres  and  materially  reduce  the  cost  of 
feeding  where  no  skimmed  milk,  or  an  insufficient  amount,  is  aTailable  for 
the  purpose. 

The  results  indicate  that  4.4  cents  worth  of  rolled  oats  (the  cost  of  one 
pound)  when  fed  in  moderate  quantity,  is  nearly  equal  to  one  gallon  of  whole 
milk. 

With  com  stoTcr  as  the  exclusiTc  roughage,  com  meal  and  dried  brewers* 
grains  haye  practically  equal  feeding  yalue  when  supplemented  by  a  graii 
ration  consisting  of  one-half  cottonseed  meal  and  one-quarter  com  meal. 

With  most  cows,  the  continuous  feeding  of  com  stoTcr  as  the  exdusire 
roughage  results  in  too  rapid  shrinkage  in  milk  flow  for  best  retunis. 

The  results  of  these  experiments  incline  us  to  recommend  to  dairymea 
who  are  feeding  much  com  stoTcr,  a  grain  ration  consisting  approximately 
of  one-lialf  cottonseed  meal,  one-quarter  com  meal,  and  one-quarter  dried 
brewers'  grains,  or  wheat  bran  or  some  other  similar  light,  fluffy,  eoncentrat^ 
depending  upon  the  relatiye  market  price  of  these  feeds. 
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COMPARISON  OF  COTTONSEED  HULLS  AND 

SHREDDED  CORN  STOVER  FOR 

MILK  PRODUCTION. 

By  JOHN  MICHELS,  Dairy  Husbandman. 

Statistics  recently  gathered  by  the  writer  show  that  a  large  number 
of  dairymen  in  North  Carolina  feed  cotton-seed  hulls,  either  alone 
or  in  combination  with  other  coarse  feeds,  as  roughage  for  dairy 
cows.  Indeed  it  was  found  that  hulls  were  fed  more  largely  than 
any  other  kind  of  roughage.  More  than  one  and  one-half  times  as 
much  hulls  as  corn  stover  are  being  fed. 

Why  farmers  will  continue  to  pay  high  prices  for  hulls  rather  than 
feed  stover  can  be  explained  only  on  the  supposition  that  they  do 
not  fully  realize  the  feeding  value  of  stover.  This  belief  is  strength- 
ened by  the  fact  that  many  of  them  do  not  even  attempt  to  harvest 
corn  stalks,  but  allow  them  to  go^  to  waste  in  their  fields. 

OBJECT  AND  PLAN  OF  EXPERIMENT. 

In  view  of  the  facts  presented  above,  it  was  thought  desirable  to 
demonstrate  the  feeding  value  of  com  stover  by  feeding  it  in  com- 
parison with  cotton-seed  hulls,  one  of  the  most  commonly  fed 
roughages. 

For  this  experiment  seven  grade  cows,  from  two  to  three  months 
in  lactation,  were  fed  during  three  periods.  The  roughage  consisted 
of  shredded  corn  stover  in  the  first  and  third  periods,  and  of  cotton- 
seed hulls  in  the  second  period.  Closing  the  test  with  the  same 
roughage  used  at  the  beginning  tends  to  balance  up  any  changes  in 
milk  and  butter-fat  yield  due  to  advanced  stage  of  lactation  and  the 
unfavorable  effects  of  continued  feeding  on  dry  roughage.  The  grain 
ration  was  the  same  throughout  the  test.  It  consisted  of  a  mixture 
of  4  pounds  of  cotton-seed  meal,  2  pounds  of  dried  brewers'  grains, 
and  1  pound  of  linseed  meal.  All  cows  received  8  pounds  of  the 
grain  mixture  per  day  except  Nos.  6  and  7,  which  received  10  pounds. 
The  amount  of  roughage  which  the  cows  received  was  the  same 
throughout  the  test,  being  14  pounds  per  individual,  with  the  ex- 
<»eption  of  cows  Kos.  1  and  4,  each  of  which  received  16  pounds  per 
day. 

Each  period  lasted  twenty-two  days  exclusive  of  thirteen  days  pre- 
liminary feeding  for  Periods  TI  and  III  and  twenty  days  prelimi- 
nary feeding  for  Period  I.  The  longer  preliminary  feeding  for 
Period  I  was  thought  desirable  because  the  cows  did  not  take  very 
kindly  to  an  all-dry  feed  after  having  been  on    a  ration    of  equal 
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parts  of  Btover  and  silage  for  more  than  two  months  prior  to  the 
experiment. 

The  milk  from  each  cow  was  weighed  daily,  and  weekly  detenni- 
nations  were  made  on  composite  samples  of  the  milk  by  the  Babcock 
test.    All  cows  were  weighed  once  a  week. 

The  hulls  were  mixed  with  the  concentrates  before  feeding.  The 
stover,  on  the  other  hand,  was  always  fed  after  the  concentrates- 

The  corn  from  which  the  stover  was  made  was  thoroughly  matured 
before  cutting  and  allowed  to  stand  in  small  shocks  in  the  field  from 
six  to  eight  weeks,  during  which  time  it  had  received  several  drench- 
ing rains.  There  was  practically  no  green  color  left  in  the  stover  at 
the  time  of  shredding ;  neither  were  there  any  com  grains  or  nubbins 
found  in  it.  On  the  whole,  the  stover  was  of  a  rather  inferior  quality. 
The  following  analyses,  supplied  by  the  Chemical  Division,  gives  an 
idea  of  the  grade  of  the  different  feeds  used  in  this  and  the  follow- 
ing experiments: 

TABLE  I. — Pbrcentagk  Ck)MP08iTioN  of  Fkkds. 


Feed. 

Cottonseed  Hull?) . .. 
Cottonseed  Meal  .. 

Linseed  Meal   

Dried  Brewers  Grain 
Com  stover  


Moisture. 


Protein. 


Fat 


10.78 

5.72 

1.04 

1 

6.87 

88.98 

10.68 

8.03 

84.87 

8.81 

7.82 

22.66 

5.76 

7.83 

404 

1.81 

Nitpoeen- 

Free 
Extract. 


29.07 
28.08 
84.18 
42.14 
47.29 


Crude 
Fiber. 


61.17 
&79 
8.83 
18.88 
85.18 


2.24 
6w80 
&.28 


4.35 


MILK  AND  BUTTERFAT  PRODUCTION. 

The  milk  and  bntterf at  yielded  by  each  cow  during  the  test  are 
shown  in  the  following  table : 

TABLE  II. — ^Showing  Milk  and  Butterfat  Yields,  and  Livk  Weight. 


No. 
Cow. 


.J 


Period. 

1.  stover  - 
n.  Hulls...      . 
III.  Btover 

I.  Stover  

II.  Hulls. 

III.  Stover  

I.  Stover 

II.  Hulls 

III.  Stover 


Milk-Pounds. 

Fat^Per  cent. 

Butterfat— 
Pounds. 

AverBffe 
Wei«:ht 

of  Cows— 
Pounds 

835.2 

6.0 

16.76 

eao 

882.8 

5.4 

17.97 

656 

818.7 

6.4 

17.10 

639 

400.2 

4.1 

16.40 

6S7 

842. 

4.2 

14.86 

687 

816.6 

4.2 

18.80 

67a 

403.4 

4.4 

17.88 

6S7 

838.4 

4.9 

17.81 

671 

840.8 

4.8 

n 

16.38 

569 
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TABLE  n.— Continued. 


No. 
Cows. 


Period. 


I.  Stover. 
II.  HuUs  _ 
IIL  Stover 


I,  Stover 

II.  Hnllfl 

ni.  Stover 

L^Stover 


6      .    IL  Hulls 

I  IIL  Stover  ._ 

L  Stover 

T       '    IL  HuU> 

III.  Stover 


I 


MUk— Pounds, 

434.4 

876. 

SSL 

468.7 
4W.8 
868.4 

859.7 
278.5 
262.4 

88&6 
822.0 
284.8 


Fat— Per  eent. 

4.6 
4.7 
4.6 

4.6 
4.5 
4.6 

4.4 

4.8 
4.7 

5.2 
5.4 
6.7 


Bntterfat— 
Pounds. 


19.65 
17.62 
15.28 

21.19 
18.44 
15.85 

15.82 
18.88 
12.88 

17.45 
17.48 
16.77 


Average 

Wei^ 

of  Cow»- 

Pounds. 

824 
794 
767 

806 

786 
806 

784 
769 

778 


6G7 


From  the  results  contained  in  Table  II  it  will  be  seen  that  all  cows 
fell  off  in  milk  yield  during  the  Hull  period  and  again  during  the 
Stover  i>eriod  following,  the  amount  varying  with  different  individn- 
uals.  It  is  noteworthy  also  that  in  the  case  of  cows  Nos.  3,  4  and  ft 
the  percentage  of  fat  present  in  the  milk  was  a  trifle  higher  in  the 
Hull  period  than  in  the  Stover  period.  This  may  possibly  be  due  to 
the  rather  large  shrinkage  in  milk  in  these  instances. 

The  total  yield  of  milk  and  butter-fat  for  each  period  is  shown  in 
the  table  below : 

TABLE  III. — Showinq  Total  Yield  of  Milk  and  Buttkbfat  and  Total 

LivB  Weight. 


Periods. 


MUk-PoundB. 

Bntterfat— Pounds. 

Liye  Weight— PonndiL 

2780.2 

1 

1                 126.0 

6000 

2414.4 

116.6 

4919 

2224.7 

107.4 

488B 

I.  StoTer. 
IL  Hulls  . 
UL  scorer. 


Averaging  the  results  of  the  two  stover  periods  in  Table  III  we 
find  that  the  cows  yielded  2482.0  pounds  of  milk  during  the  Stover 
period  against  2414.4  pounds  for  the  Hull  period.  Similarly  the 
cows  during  the  Stover  period  yielded  116.2  pounds  of  bntter-fat  as 
against  116.5  pounds  for  the  average  of  the  Hull  periods,  showing 
in  this  experiment  that  cotton-seed  hulls  and  com  stover  had  prac- 
tically equal  value  as  milk  and  butter-fat  producers. 
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Table  II  shows  that  the  average  weight  of  the  individual  cowb  was 
less  during  the  Hull  period  than  during  the  first  Stover  period,  ex- 
cepting cow  No.  2,  whose  weight  remained  the  same.  Going  from 
the  Hull  period  to  the  last  Stover  period  we  find  that  four  of  the 
cows  lost  in  weight,  two  gained  and  one  remained  practically  un- 
changed. 

Taking  the  weights  of  the  cows  collectively,  we  find  that  they  aver- 
aged 111  pounds  less  in  the  Hull  period  than  in  the  first  Stover 
period,  and  30  pounds  less  in  the  last  Stover  ])eriod  than  in  the  Hull 
period. 

On  the  whole  it  may  be  concluded  that  the  cotton-seed  hulls  and 
com  stover  used  in  the  experiment  had  about  equal  value  in  main- 
taining the  live  weight  of  the  cows. 

HULLS  AND  STOVER  REFUSED. 

The  roughage  refused  at  each  feed  was  weighed  and  recorded  sej'- 
arately  for  each  cow.  It  was  found  that  the  rmount  of  stover  refused 
averaged  from  3  to  4  pounds  per  cow,  with  the  exception  of  cow  No. 
3  (the  lightest  in  weight),  which  refused  from  4  1-2  to  5  pound? 
daily. 

At  the  beginning  of  the  Hull  period  an  attempt  was  made  to  feed 
the  hulls  and  concentrates  separately.  This  proved  a  failure,  since 
most  of  the  cows  refused  the  hulls,  and  only  a  few  ate  as  much  a- 
one-half  the  allowance  supplied  them.  After  the  second  day,  there- 
fore, the  hulls  were  always  mixed  with  the  concentrates  before  feed- 
ing. Even  when  fed  in  this  manner  some  of  the  cows  showed  a 
strong  dislike  for  the  hulls  the  first  week,  after  which  practically 
the  entire  amount  supplied  was  consumed  except  in  the  case  of  cows 
Nos.  6  and  7,  each  of  which  would  occasionally  refuse  from  1  to  3 
pounds  per  day. 

CORN   STOVER. 

For  years  corn  stover  has  formed  an  important  part  of  the  rough- 
age fed  to  cattle  in  the  live  stock  sections  of  this  country.  This  feed 
is  especially  suited  for  feeding  in  cotton  growing  sections  where  tht- 
majority  of  farmers  have  insufiicient  stock  to  warrant  the  erection 
of  silos ;  and  even  where  farmers  have  silos  there  will  always  be  mon- 
or  less  stover  to  feed  because  of  the  larc^e  amount  of  com  which  i^ 
planted  solely  for  the  grain  it  yields,  leaving  the  stover  as  a  by- 
product. But  because  it  is  a  by-product  it  is  not  necessarily  to  he 
inferred  that  it  is  worthless ;  yet  so  it  is  undoubtedly  considered  by 
many,  as  evidenced  from  the  thousands  of  acres  of  cornstalks  which 
are  allowed  to  go  to  waste  in  the  fields  every  fall. 

An  important  consideration  in  makina:  stover  is  to  have  it  palat- 
able.    The  corn  should  therefore  bo  cut  as  soon  as  sufficiently  ma- 
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tured,  and  be  placed  in  shocks  containing  from  one  hundred  to  two 
hundred  stalks.  During  fair  weather  the  com  may  be  husked,  as  a 
rule,  from  two  to  three  weeks  after  it  is  cut  When  husked  by  a 
machine  the  stover  is  shredded  at  the  same  time,  and  placed  under 
shelter.  When  husked  by  hand  the  stover  should  be  sheltered  with 
the  same  care  and  promptness.  Long  exposure  of  the  stover  in  the 
fields  greatly  diminishes  its  nutritive  qualities  as  well  as  its  pal- 
atability.  The  damage  to  stover  is  especially  great  when  drcnchfd 
by  heavy  rains. 

It  is  usually  best  to  cut  the  stover  in  small  pieces,  say  from  one 
to  three  inches  long,  before  feeding.  Less  is  wasted  by  cattle  in 
this  way  than  when  fed  uncut  or  unshredded.  There  are  thousands 
of  stockmen,  however,  who  are  at  present  feeding  uncut  stover,  and 
our  own  experience  along  this  line  convinces  us  that  dairymen  would 
save  considerable  money  by  feeding  even  the  uncut  stover,  rather 
than  purchasing  cotton-seed  hulls. 

While  much  has  been  said  in  favor  of  feeding  com  stover,  it  should 
be  distinctly  understood  that  the  greatest  feeding  value  of  the  corn 
plant  is  obtained  when  placed  in  the  silo. 

COTTONSEED   HULLS. 

Aside  from  their  low  nutritive  value  cotton-seed  hulls  do  not  ?eem 
very  well  suited  for  dairy  cows,  on  account  of  their  low  palatability 
and  digestibility.  With  the  cows  used  in  these  experiments  it  was 
found  that  a  majority  refused  the  hulls  when  they  were  offered  them 
unmixed  with  concentrated  feeds.  When  mixed  with  the  concen- 
trates the  cows  would  eat  them,  largely  because  they  were  obliged 
to  do  so  in  order  to  get  the  concentrates.  On  general  principles  ii 
can  not  be  considered  good  feeding  to  thus  force  cows  to  swallow 
a  lot  of  unpalatable  material,  especially  when  such  material  has  sucli 
a  low  digestibility.  Digestion  experiments  show  that  only  41  pei 
cent  of  the  tot^l  dry  matter  in  hulls  is  digestible  as  against  60  per 
cent  for  com  stover.  Our  experiments  were  of  too  short  duration 
to  show  any  appreciable  digestive  disturbances  from  the  feeding  of 
such  undigestible  material  as  cotton-seed  hulls,  but  it  can  not  be 
denied  that  continuous  feeding  of  any  undigestible  feed  must  ulti- 
mately prove  deleterious  to  the  usefulness  of  a  dairy  cow. 
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CORN  fMEAL  VERSUS  A  MIXTURE  OF  CORN 
M    MEAL  AND  DRIED  BREWERS'  GRAINS  AS 

A  SUPPLEMENT  TO  COTTONSEED aMEAL 

FOR  MILK  PRODUCTION. 


OBJECT  OF  EXPERIMENT. 

A  problem  that  confronts  many  farmers  is  to  find  a  cheap  and 
satisfactory  grain  supplement  to  cotton-seed  meal  for  dairy  cows. 
Owing  to  its  high  protein  content,  cotton-seed  meal  can  not  be  sati^ 
factorily  used  as  the  sole  concentrate,  except  possibly  where  silage^ 
made  from  well-eared  corn,  constitutes  the  roughage. 

Hitherto  wheat  bran  has  been  commonly  fed  in  connection  with 
cotton-seed  meal  and  when  the  latter  is  not  too  high  priced,  this  com- 
bination gives  very  satisfactory  returns.  But  during  the  past  year 
the  price  of  wheat  bran  has  been  so  high  as  to  make  its  use  as  a  cow 
feed  almost  prohibitive. 

A  careful  study  of  prices  of  different  feeds  suggested  the  use  of 
either  com  meal  or  dried  brewers'  grains,  or  both,  as  a  satisfactory 
supplement  to  cottonseed  meal.  Both  of  these  feeds  could  be  bought 
at  a  lower  price  than  wheat  bran,  and  both  were  believed  to  have  a 
higher  feeding  value. 

The  dried  brewers'  grains  are  of  a  light,  fluffy  nature  and  are 
highly  relished  by  cattle;  yet,  owing  to  their  high  protein  content, 
the  objection  may  be  raised  that  they  do  not  form  a  balanced  ration 
with  cottonseed  meal. 

From  the  standpoint  of  balancing  the  nutrients  in  a  ration  where 
much  cottonseed  meal  is  fed  there  appears  to  be  no  feed  more  ideal 
than  com  meal.  But  owing  to  the  heavy  nature  of  both  the  com  and 
cottonseed  meal  a  combination  of  the  two  would  ordinarily  be  con- 
sidered liable  to  give  rise  to  digestive  disturbances. 

The  above  possible  objection  to  com  meal  and  dried  brewers' 
grains  suggested  that  a  combination  of  the  two  would  probably  give 
the  most  satisfactory  results  when  used  to  supplement  cottonseed 
meal,  and  that  possibly  com  meal  alone  could  be  advantageously 
used  for  this  purpose  if  no  digestive  troubles  should  arise  on  ac- 
count of  the  heavy  character  of  this  feed.  Accordingly  it  was  de- 
cided to  test  these  points  by  feeding  a  mixture  of  com  meal,  driel 
brewers'  grains  and  cottonseed  meal  in  comparison  with  a  mixture 
of  com  meal  and  cottonseed  meal. 

PLAN  OF  EXPERIMENT. 

Six  grade  cows,  from  three  to  four  weeks  in  lactation,  were  used 
for  the  experiment.  The  feeding  was  divided  into  three  periods^ 
During  the  first  period  the  cows  received  cottonseed  meal  and  corn 
meal  in  equal  proportions.  In  the  second  period  the  cows  received 
a  mixture  of  4  parts  cottonseed  meal,  2  parts  cp^^^^^jgd^^  part:? 
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dried  brewers'  grains.  The  feed  in  the  third  period  was  the  same 
as  that  of  the  first  The  daily  allowance  of  grain  per  cow  during 
the  entire  test  amounted  to  10  pounds  for  cows  Nos.  4  and  6,  and  9 
pounds  for  cows  Nos.  2,  3  and  6.  The  roughage  supplied  throughout 
the  test  consisted  of  14  pounds  of  shredded  com  stover  per  cow 
daily.  The  stover  was  the  same  as  that  used  in  the  Stover  and  Hull 
Experiment. 

Each  period  lasted  twenty-one  days,  and  only  Period  I  was  pre- 
ceded by  seven  days  preliminary  feeding.  Closing  the  experiment 
with  the  same  ration  used  at  the  beginning  tended  to  balance  up  any 
changes  in  milk  and  butter-fat  yield  which  might  be  attributable  to 
the  advancing  stage  of  lactation,  to  loss  of  continuous  feeding  of 
unpalatable  roughage,  to  change  in  weather  and  other  environmental 
factors. 

The  grain  was  always  fed  before  the  roughage.  The  milk  from 
each  cow  was  weighed  daily,  and  weekly  samples  of  the  milk  were 
tested  by  the  Babcock  test.  All  cows  were  weighed  regularly  onoe 
a  week. 

The  results  obtained  with  the  individual  cows  during  the  differ- 
ent periods  of  the  test  are  presented  in  the  following  tables: 
TABLE  V. — Showing  Milk  and  Buttbrfat  Yields  and  Live  Weight. 


No. 
Cow. 


Period. 


Hllk~Fouud8. 


Fat— Per  cent. 


Buttfrfat— 
Pounds. 


Average  Weight 
Cows— 
Pounds. 


I 

II 

III 

I 
II 

in 


528.1 
511. 6 
40).  4 

5Z7.1 
450.0 
412.0 


4.  SO 
4.20 
4.10 

4.18 
4.80 
4.16 


2S.0H 
21.49 
20.23 

21.77 
10.74 
17.14 


721 
717 
719 

008 
606 
612 


I 

II 

III 


46&5 
410.8 
890.9 


4.86 
4.48 
4.26 


19.86 
18.80 
16.65 


787 
767 
7SI 


I       i 

542.7 

4.40 

23.85 

724 

n 

48&4            I 

4.45 

21.64 

738 

III       1 

461.8            1 

4.80 

19.84 

740 

I 

612.8            1 

4.00 

24.51 

795 

II 

528.8            1 

8.90 

20.62 

786 

m     ; 

491.0 

8.98 

19.41 

796 

I 

n 
in 


520.2 
462.9 
428.2 


8.80 
8.78 


19.92 
17.59 


15.97 


876 
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Summarizing  the  results  contained  in  Table  V  we  find  the  fol- 
lowing: 

TABLE  VI. — Showing  Total  Yield  op  Milk  and  Butterfat  and  Total 

Live  Weight. 


I  ,,„„_  Milk-      Butterfat-I 


Live 


Period-  ''"tlon.  pSuad.    ."po^^dT   «„^^^ 


I        Corn  4- CottonHced  Meal _. 3186.4     |      132.97 

II      ;  Corn  i- Dried  Brewers' (iraiiis  +  Cottonseed  Meal- 2859.5     j     110.38 

III        Com  +  Cottonseed  Meal  _ _ 2879.8  109.24 


4506 

4468 

4198 


Average  of  Periods  I  and  III  .__ — .;     2933.1      i      121.10  4502 

An  inspection  of  the  results  in  the  two  preceding  tables  shows 
there  was  a  gradual  falling  off  in  the  milk  and  butter-fat  yield  of 
tlie  cows,  individually  as  well  as  collectively.,  from  the  beginning 
to  the  end  of  the  test.  The  decrease  was  so  uniform  that  it  could 
not,  therefore,  be  attributed  to  a  change  in  the  grain  ration,  but 
must  be  laid  to  the  unpalatable  roughage  fed.  Table  VI  shows  that 
the  average  milk  and  butter-fat  yield  of  Periods  I  and  III,  in  which 
corn  meal  and  cotton-seed  meal  were  fed,  was  slightly  larger  than 
that  of  Period  II,  in  which  dried  brewers'  grains  replaced  pound 
for  pound  one-half  of  the  corn  meal  fed  in  Periods  I  and  III. 

Although  no  digestive  disturbances  resulted  from  the  feeding  of 
the  combination  of  corn  meal  and  cottonseed  meal,  yet  the  trial 
was  too  short  to  warrant  a  statement  as  to  what  the  effects  of  such 
a  mixure  of  heavy  feeds  might  be,  if  fed  continuously  for  a  longer 
time. 

Pending  further  investigation  along  this  line,  therefore,  we  are 
inclined  to  recommend  to  dairymen  who  are  feeding  much  stover  a 
grain  ration  consisting  approximately  of  one-half  cottonseed  meal, 
one-quarter  corn  meal  and  one-quarter  dried  brew-ers'  grains,  or 
wheat  bran,  or  some  similar  light,  fluffy  concentrate,  dependins^ 
u[)on  the  market  prices  of  these  feeds. 


ROLLED  OATS  AS  A  SUBSTITUTE  FOR  MILK 
IN  CALF  FEEDING. 

One  of  the  essentials  in  building  up  a  productive  dairy  herd  is 
to  raise  the  heifer  calves  from  the  best  milkers.  This  is  also  the 
surest  way  to  keep  a  herd  free  from  disease.  Moreover,  where 
skimmed  milk  is  available  for  feeding,  the  practice  of  raisins:  the 
best  calves  is  also  the  cheapest  means  of  increasing  and  improving 
the  dairy  herd. 
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Hundreds  of  dairymen,  however,  who  are  supplying  milk  to  towns 
and  cities  either  have  no  skimmed  milk  at  all  or  an  insufficient 
quantity  for  calf  rearing.  Hence  they  prefer  killing  the  calves  to 
feeding  them  high-priced  milk.  In  order  to  induce  this  class  of 
dairymen  to  raise  their  calves,  it  became  clear  to  us  that  some  cheap 
and  satisfactory  substitute  had  to  be  foimd  that  would  take  the 
place  of  high-priced  milk  for  feeding. 


■K 

t^ 
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_: 
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Grade  Calf  Reared  on  Rolled  Oats. 

In  our  efforts  to  find  such  a  substitute,  we  were  guided  by  the  fol- 
lowing requirements :  that  a  feed  that  could  take  the  place  of  milk 
for  young  calves  must  be  very  palatable  and  digestible,  rich  in 
muscle  and  bone-forming  materials,  and  practically  free  from  crude 
fibre.  Cooked  rolled  oats  suggested  themselves  as  meeting  all  these 
requirements  with  the  exception,  perhaps,  that  there  might  be  a 
possible  deficiency  in  ash  or  bone-forming  material.  This  feed  was 
therefore  given  a  careful  test. 

It  was  estimated  in  the  beginning,  from  the  composition  of  the 
feeds,  that  one  pound  of  rolled  oats  was  approximately  equal  in 
feeding  value  to  one  gallon  of  whole  milk,  and  our  feeding  trials 
were  conducted  upon  this  basis.  The  rolled  oats  were  prepared  by 
adding  boiling  water  to  them  at  the  rate  of  one  gallon  of  water  to 
twelve  ounces  of  rolled  oats,  and  the  mixture  was  then  allowed  to 
stand  until  cool  enough  to  feed. 

The  feeding  of  a  number  of  calves  was  simplified  by  preparing 
the  rolled  oats  for  all  in  a  can  of  suitable  size,  from  which  the  pro- 
portionate amount  for  each  calf  was  measured  out  with  a  dipper. 

Digitized  by  LjOOy  l<^ 


14  N.  G.  AGRICULTURAL  BXPBRIMENT  STATION. 

All  the  calves  used  in  the  experiment,  with  one  exception,  were 
grade  Jerseys,  light  to  medium  in  weight  The  daily  allowance  per 
calf  during  the  thirteen  weeks  of  the  experiment  was  as  follows: 

First  week — 10  pounds  whole  milk. 

Second  week — 8  pounds  whole  milk,  4  ounces  rolled  oats. 

Third  week — 6  pounds  whole  milk,  8  ounces  rolled  oats. 

Fourth  week — i  pounds  whole  milk,  12  ounces  rolled  oats. 

Fifth  week — 2  pounds  whole  milk,  12  ounces  rolled  oats,  0.2  pound 
grain  mixture. 

Sixth  week — 2  pounds  whole  milk,  12  ounces  rolled  oats,  0.4  pound 
grain  mixture. 

Seventh  week — 2  pounds  whole  milk,  12  ounces  rolled  oats,  0.6 
pound  grain  mixture. 

Eighth  week — 2  pounds  whole  milk,  12  ounces  rolled  oats,  0.8 
pound  grain  mixture. 

Ninth  week — 2  pounds  whole  milk,  12  ounces  rolled  oats,  1.0 
pound  grain  mixture. 

Tenth  week — 12  ounces  rolled  oats,  1.0  pound  grain  mixture. 

Eleventh  week — 12  ounces  rolled  oats,  1.0  pound  grain  mixture. 

Twelfth  week — 12  ounces  rolled  oats,  1.2  pounds  grain  mixture. 

Thirteenth  week — 12  ounces  rolled  oats,  1.2  pounds  grain  mixture. 

The  grain  mixture  consisted  of  one  part  each  of  com  meal,  lin- 
seed meal  and  wheat  bran. 

The  milk  was  always  added  to  the  oat  preparation  just  previous 
to  feeding. 

In  addition  to  the  above  feeds,  the  calves  received  all  the  hay  they 
would  eat  during  the  winter,  while  in  spring  they  received  one  feed 
of  hay  with  pasturage  additional. 

On  the  basis  that  one  pound  of  rolled  oats  is  equal  to  one  gallon 
of  whole  milk,  and  that  whole  milk  is  worth  8  cents  per  quart  to 
milkmen,  the  cost  of  the  milk  for  a  thirtcen-weeks-old  calf  receiving 
no  rolled  oats  is  $26.96.  When  rolled  oats  (which  cost  4.4  cents  per 
pound  delivered  in  barrel  lots)  are  substituted  for  milk  as  shown 
above,  the  cost  of  the  calf  feed  for  the  same  period  is  only  $12.46,  a 
saving  of  $14.50  in  favor  of  the  rolled  oats. 

The  weekly  weights  of  the  calves  fed  rolled  oats  and  those  of  two 
calves  fed  skimmed  milk  as  a  check  on  the  work  are  presented  in 
the  following  table : 
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TABLE  Yn.— Showing  Weekly  Gains  of  Calves  Fed  Rolled  Oats  and 

Skimmed  Milk. 


Aceof  OBlf. 


At  birth 

One  week 

Two  weeks 

Tliree  weeks 

Foot  weeks 

FlTe  weeks 

Six  weeks 

Seren  weeks 

Eight  weeks 

Xme  weeks 


Weekly  Weight  of  Calves— Pounds. 


Rolled  Oats. 


Calf 
No.  1. 


Calf 
No.  2. 


Ten  weeks 

EieTcn  weeks 

Twelve  weeks 

Thirteen  weeks 


68 

m 

78 
91 
88 
94 
09 
108 
118 
125 
189 
151 
170 
180 


-I- 


Avenge  dally  gain 1. 


Calf 
No.  8 


88 
91 
101 
106 
115 
128 
181 
140 
147 
150 
ld7 
171 
178 
188 

1.10 


Calf 
No.  4. 


98 
102 
111 
120 
129 
140 
151 
150 
160 


1.18 


60 
66 

70  i 


Calf 
No.  6. 


Calf 
No.  6. 


Calf 
No.  7 


60 


Calf 
No.  8. 


74 

74' 

81 

81 

86 

86 

88 

90 

91 

98 

101 

107 

112 

115 

122 

124 

134 

m 

141 

145 

155 

i» 

.00 

1.00 

Calf 
No.  9. 


60 


100 
104 
106 
114 
12s 
129 
139 
158 
166 

1.16 


144 
154 
168 


1.09 


76 


Calf 
No.  10 


49 


67 


168   J59 

I 


Skimmed 
Milk. 


Calf 
No.  11 


60 
68 
74 
82 
87 
97 
106 
115 
122 
135 
146 
150 
170 
180 


1.80  I  1.12  I  1.82 


46 
58 
62 
67 
74 
82 
90 
96 
100 
118 
125 
180 
137 
146 

1.10 


Skimmed-milk  calf  No.  10  received  the  following  daily  ration: 

First  week — 10  pounds  whole  milk. 

Second  week  7  pounds  -whole  milk  and  4  pounds  skimmed  milk. 

Third  week — 4  pounds  whole  milk  and  8  pounds  skimmed  milk. 

Fourth  week — 2  pounds  whole  milk,  10  pounds  skimmed  milk. 

Fifth  to  fourteenth  week — 14  pounds  skimmed  milk. 

Calf  No.  11  received  only  8  pounds  of  whole  milk  the  first  week, 
and  subsequently  was  fed  the  same  allowance  of  whole  milk  as  calf 
No.  10,  but  received  2  pounds  less  of  skimmed  milk  per  day.  The 
grain  and  roughage  for  the  two  skimmed-milk  calves  were  the  same 
as  those  for  calves  fed  on  rolled  oats. 

Table  VII  shows  that  the  calves  fed  on  rolled  oats  made  prac- 
tically the  same  gains  as  those  fed  skimmed  milk. 

Considering  that  all  calves  but  No.  2,  which  was  a  grade  Hol- 
stein,  were  light-weight,  common-grade  Jersey  calves,  and  that  the 
allowance  of  whole  milk  and  the  rolled  oats  equivalent  were  less 
than  is  usually  fed,  the  gains  here  reported  arc  considered  as  fairly 
satisfactory.    The  calves  showed  good  bone  and  muscle  development. 

We  strongly  recommend  the  feeding  of  cooked  rolled  oats  to 
ca1ve»  for  all  who  either  have  no  skimmed  milk  or  an  insuffidmt 
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quantity  for  calf -rearing ;  and  we  confidently  expect  that  a  trial 
by  such  dairymen  will  result  in  the  rearing  of  every  calf  that  prom- 
ises to  become  a  valuable  animal  in  the  dairy. 

One  thing  that  especially  commended  itself  in  the  rolled  oat> 
feeding  was  the  evident  relish  with  which  the  calves  devoured  them. 
The  extra  labor  entailed  in  the  feeding  of  the  rolled  oats  was  insignifi- 
cant as  compared  with  the  saving  effected. 

One  precaution  to  observe  in  feeding  rolled  oats  to  calves  is  not 
to  use  it  in  too  large  quantities,  owing  to  the  laxative  character  of  this 
feed.  Indeed,  our  experience  indicates  that  it  is  best  not  to  feed 
more  than  12  ounces  daily  to  each  calf.  It  is  important  also  that 
the  rolled  oats  and  milk  be  supplied  as  near  the  temperature  of 
blood  heat  as  possible. 

In  these  trials  the  grain  was  always  supplied  first  and  the  rough- 
age later,  the  milk  and  oats  being  fed  immediately  after  the  grain. 
The  latter  was  fed  from  a  sterile  tin  bucket,  which  was  also  used 
for  feeding  the  milk  and  rolled-oat  mixture. 

The  calves  were  removed  from  the  cows  when  twenty-four  hou^^ 
old,  and  received  regularly  two  feeds  daily,  except  during  the  first 
few  days,  when  they  were  fed  three  times  per  day. 
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Ofi^ck  of  the  Dibectok. 
West  Ealeigh,  X.  C,  June  30,  1901). 

To  His  Excellency,  William  W.  Kitchin, 

Governor  of  North  Carolina. 

SiK : — I  have  the  honor  to  submit  herewith  the  report  of  the  opera- 
rioiLs  of  the  Xorth  Carolina  Agricultural  Experiment  Station  of  the 
Xorth  Carolina  College  of  Agriculture  and  Mechanic  Arts  for  the 
yt^iiT  ending  June  30,  1909. 

Trusting  .that  this  report  will  prove  satisfactory  to  your  Excellency, 
I  am.  Yours  very  truly, 

C.  B.  Williams, 

Directar. 
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FOR  THE  YEAR  ENDING  JUNE  30,  1909. 


BY  THE  DIRECTOR. 

Generally,  the  work  of  the  Station  in  all  its  branches  has  been  in- 
creased and  actively  carried  forward  by  the  various  workers  in  a 
fairly  satisfactory  manner.  Below  is  given,  briefly,  something  as  to 
the  nature  and  scope  of  the  work  which  is  being  conducted  by  the 
-everal  Divisions  of  the  Station.  This  summary  is  made  up  from 
the  reports  of  the  different  workers  and  from  the  observations  of  the 

irec  or.  DIVISION  OF  AGRONOMY. 

The  experimental  work  of  this  Division  has  progressed  actively 
along  the  same  general  lines  as  previously  reported.  Considerable 
effort  has  b(?en  exerted  in  the  determination  of  best  fertilizer  com- 
l)i nations  and  the  most  economical  quantities  of  fertilizers  to  use  per 
acre,  especially  for  cotton  and  corn.  These  experiments  have  shown 
ninnistakably  that  phosphoric  acid  is  the  chief  deficiency  of  our  soils 
here  and  that  potash  is  the  one  less  needed  for  maximum  yields.  The 
tield  results  have  been  confirmed  by  chemical  analyses  of  the  soil. 
The  fertilizer  formulas  used  largely  by  the  farmers  in  the  Piedmont 
section  of  the  State  for  cotton  are  not  the  ones  which,  judging  from 
our  results,  afford  the  greatest  profit  per  acre.  The  phosphoric  acid 
in  them  should,  as  a  general  thing,  be  increased,  while  the  potash 
might  be  decreased. 

The  variety  tests  this  year  embrace  a  study  of  68  varieties  of 
roru ;  42  of  cotton ;  2*5  of  soy,  adsuki  and  seta  beans ;  30  of  cow- 
I>eas;  15  of  wheat;  49  of  oats,  and  4  of  clover.  In  addition  to 
this  comparison  of  varieties  with  reference*  to  yield,  an  intimate 
study  is,  at  the  same  time,  l)eing  made  of  the  characters  of  each 
variety,  with  the  hope  of  determining  those  which  are  correlated  in 
the  different  varieties  with  high  yield  and  superior  worth.  Variety- 
distance  tests  with  68  varieties  of  corn  and  3  of  cotton,  each  of  widely 
ilifferent  characters,  are  being  conducted  to  ascertain  what  distancing 
of  the  different  varieties  produces  the  best  results.  From  the  field 
seed-selection  exiK^rimentswith  corn,  cotton,  wheat  and  oats,  recently 
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Started,  much  is  expected  in  the  way  of  improvement  and  practical 
scientific  information.  In  the  variety  test  of  oats  an  effort  is  being 
made  to  determine  those  varieties  vehich  are  best  adapted  for  fall  and 
spring  sowing.  Marked  differences  have  developed,  not  only  in  yield, 
but  also  in  earliness  and  consequent  adaptation  for  different  soils  and 
localities  and  for  specific  purposes.  For  sowing  in  combination  with 
crimson  clover  or  Canada  field  peas,  the  earliness  in  maturity  of 
Burt,  Kherson  and  Culberson  varieties  especially  fits  them  for  thi^ 
purpose,  as  they  reach  the  haying  stage  at  practically  the  same  period 
as  do  the  clover  and  peas.  The  white-blooming  crimson  clover  may 
be  used  in  mixtures  with  later  maturing  varieties,  such  as  Red  Rust- 
proof or  Appier,  as  it  blooms  ten  to  fourteen  days  later  than  the 
regular  crimson  clover. 

Investigations  are  being  carried  on  with  68  varieties  of  corn  to 
determine  the  factors  which  operate  in  the  production  of  suckers  on 
the  corn  plant  and  to  ascertain  the  relation  which  their  undisturbed 
development  bears  to  yield  of  grain  and  stover.  As  these  investiga- 
tions advance,  many  interesting  and  economic  features  present  them- 
selves which  will  shed  much  light  upon  the  nature  of  the  characters 
of  corn  varieties  when  grown  under  widely  varying  conditions  of 
fertilization,  distancing  and  season. 

Top-dressing  experiments  with  nitrate  of  soda  and  sulphate  of  am- 
monia on  oats  and  wheat  are  being  conducted  to  determine  their 
actual  and  relative  values  for  this  purpose.  A  comparative  study  is 
also  being  made  of  different  carriers  of  phosphoric  acid  and  nitrogen 
for  fertilization  of  cotton  and  corn. 

Many  combinations  of  legumes  are  being  grown  to  ascertain  their 
relative  value  for  hay  and  pasturage. 

A  systematic  effort  is  being  made  to  determine  the  effects  upon 
percentage  of  lint  to  seed,  and  length  and  tensile  strength  of  the 
staple  of  cotton  by  allowing  the  seed  cotton  to  stand  exposed  for  a 
year  to  the  average  conditions  prevailing  on  the  farm.  This  Division 
is  especially  fortunate  in  having  under  its  control  considerable  land 
which  may  be  used  in  making  direct  application,  on  a  considerable 
scale,  of  the  facts  which  are  evolved  from  the  carefully  planned  ex- 
periments which  are  being  conducted  along  different  lines.  By  this 
means  it  is  felt  that  a  broader  conception  of  agronomical  problem^? 
in  general  and  their  practical  solution  is  obtained. 

DIVISION  OF  CHEMISTRY. 

During  the  year  the  Chemical  Division  has  sustained  intimate  co- 
operative relations  with  the  Biological  Division  in  soil  nitrification 
and  ammonification  studies  and  with  the  Animal  Husbandry  and 
Veterinary  Divisions  in  cotton-seed  meal  toxicity  investigations.  The 
preparation  of  the  twenty-two  fractions  used  in  the  cotton-seed  meal 
feeding  experiments  with  hogs  and  guinea  pigs  has  largely  been  per- 
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formed  by  the  workers  of  this  Division.  Much  work  has  been  done 
ill  connection  with  these  investigations  in  making  chemical  determina- 
tions of  the  composition  of  various  feeds,  fractions  of  cotton-seed 
meal  employed  in  the  experiments  and  of  the  urine  secreted  by  ani- 
mals fed  on  each  of  these.  The  Division  has  been  materially 
strengthened  by  the  addition  of  an  assistant,  and,  during  the  first 
ten  months  of  the  year,  3,825  determinations  on  1,414  samples  have 
been  made.  In  the  bacteriological  soil  survey  of  the  State  which  is 
being  carried  on  this  summer  co-operatively  by  this  and  the  Biological 
Division,  the  examinations  of  the  Bacteriologist  for  nitrifying  and 
ammonifying  efficiency,  nitrifying  and  ammonifying  inoculating 
power,  nitrifying  capacity,  and  bacterial  count  are  being  supple- 
mented in  each  case  by  a  careful  chemical  determination  of  the 
amount  of  nitrates,  nitrites,  and  ammonia  present. 

DIVISION  OF  BIOLOGY. 

During  the  year  the  research  work  has  been  carried  forward  largely 
along  lines  previously  begun  and  reported  on.  In  co-operation  with 
the  National  Bureau  of  Plant  Industry,  this  Division  in  continuation 
of  its  Plant  Disease  Survey  of  the  State  has  conducted  much  cor- 
respondence with  farmers  and  public-school  teachers  in  order  to 
determine  definitely  how  widespread  certain  plant  diseases  are  in 
different  localities  and  to  ascertain  the  amount  of  damage  to  crops 
and  fruits  they  produce.  New  diseases  of  the  apple,  lettuce,  clover, 
tuberose,  fig,  carnation,  privet,  peanut  and  vetch  occurring  in  the 
State  have  been  studied  and  the  fungus  causing  each  has  been  isolated, 
identified,  and  described. 

The  experiments  which  are  being  conducted  at  Auburn  on  soil 
badly  infected  with  watermelon  wilt  will  be  continued  in  an  effort  to 
secure  strains  of  melons  which  possess  desirable  eating  and  shipping 
qualities  and  which  may  be  successfully  grown  upon  soils  affected  with 
this  disease.  The  importance  of  this  work  cannot  be  too  strongly 
emphasized,  as  the  melon  industry  is  an  important  one  and  in  many 
localities  is  beginning  to  be  menaced  by  the  appearance  and  rapid 
spread  of  this  disease.  Melons  cannot,  to  a  profitable  extent,  be 
grown  at  present  on  a  badly  infected  field,  and  unless  wilt-resistant 
varieties  or  strains  are  bred  or  found,  the  industry  will  be  wiped 
out  in  certain  important  infected  areas  of  rapidly  increasing  size. 

The  tobacco-wilt  experiments  are  this  year  continued  at  Creedmoor, 
which  is  located  in  the  light  tobacco  belt  of  Granville  County.  Eleven 
strains  of  tobacco  are  being  used  in  the  work,  and  they  were  put  out 
on  badly  infected  soil.  Although  there  did  not  develop  any  marked 
difference  between  the  ability  of  the  Sumatra,  Turkish  and  Italian 
types  to  withstand  the  wilt,  yet  the  finer  qualities  of  the  Suraatras 
has  led  to  the  crossing  and  use  of  two  strains  of  this  type  with  the 
native  bright  tobacco  of  the  infected  section  with  the  hope  of  securing 
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wilt-resistant  strains  of  as  nearly  the  same  quality  as  possible  as  the 
native  bright  tobacco.  It  is  planned  to  devote  during  the  present 
season  about  one-fourth  of  the  space  allotted  to  this  experiment  to  a 
field-study  of  the  resistance  and  quality  of  these  crosses  made  la«^t 
year. 

In  the  lettuce-drop  investigations  efforts  have  been  directed  prin- 
cipally along  the  line  of  preventing  the  formation  of  sclerotia  by  the 
fungus  causing  this  trouble,  as  it  seems  to  be  the  only  means  this 
disease  has  of  being  carried  over  winter.  Should  any  of  the  methods 
devised  prove  effective  against  the  formation-  of  sclerotia,  then  the 
eradication  of  the  disease  from  infected  lettuce-beds  seems  assured. 

The  soil  bacteriology  investigations  which  this  Division  is  carryiui^ 
on  in  co-operation  with  the  Chemical  Division  have  been  greatlv 
strengthened  by  further  work  and  extension.  Results  secured  havo 
brought  out  rather  conclusively  the  importance  of  conducting  tests 
to  determine  the  ammonifying  and  nitrifying  powers  of  soils  on  the 
soils  themselves,  rather  than  by  the  use  of  culture  solutions  in  thv 
usual  way,  as  there  seems  to  be  no  definite  relation  whatever  lie- 
tween  the  results  on  nitrification  and  ammonification  secured  ou  the. 
soil  itself  and  the  solution.  Methods  have  been  devised  for  de- 
termining fairly  accurately  the  nitrifying  and  ammonifying  power 
of  soils,  using  the  soil  as  a  medium.  In  marked  contrast  to  the 
commonly  accepted  notion  that  all  soils  arc  well  supplied  with 
nitrifying  organisms,  it  has  been  found  that  71  per  cent  of  the  local 
soils  which  have  undergone  examination  have  shown  very  low 
nitrifying  power.  The  facts  have  led  to  the  inauguration  of  a  new 
line  of  experiments  which  are  designed  to  study  the  relative  ac- 
ceptability to  plants  of  nitrate-nitrogen  and  ammoniacal  nitrogen. 
The  experiments  are  being  conducted  under  complete  bacteriological 
and  chemical  control.  To  supplement  these,  a  systematic  bacteriologi- 
cal survey  of  the  different  soil  tvpes  of  the  State  has  been  start^L 
and  on  each  soil  determinations  of  its  nitrifying  and  ammonifying 
power  will  be  made.  Contrary  to  the  accepted  iclea,  results  thus  far 
secured  seem  to  indicate  very  strongly  that  the  presence  of  organic* 
matter  in  the  soil  does  not  always  exert  an  inhibiting  influence  ujH>n 
the  activity  of  nitrifying  organisms. 

■The  ptomaine  studies  which  were  started  last  year  have  been  tem- 
porarily suspended,  due  to  the  absence  of  suitable  material  and  be- 
cause of  pressure  of  other  investigational  work. 

DIVISION  OF  POULTRY. 

The  operations  of  the  Poultry  Division  have  been  to  a  large  extent 
carried  on  in  the  direction  of  testing  various  systems  of  feeding  young 
chicks,  managing  incubators  and  brooders  and  comparing  different 
feeds  and  combinations  for  the  production  of  eggs  and  meat.  From 
the  results  secured  in  the  cotton-seed  meal  feeding  experiment>  it 
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was  demonstraterd  that  this  material  may  be  fed  without  detriment  to 
the  health  of  the  poultry  to  the  extent  of  one-fourth  of  a  ration  con- 
sisting of  cotton-seed  meal  and  corn,  when  the  stock  is  allowed  range 
on  grass  or  other  green  crops.  It  will  be  noticed  from  results  of  sub- 
sequent experiments  that,  although  the  ration  containing  cotton-seed 
meal  costs  less  than  the  ones  containing  meat  and  bone  meal,  yet  the 
latter  ones,  by  inducing  earlier  development  and  laying,  have  pro- 
duced the  cheapest  gains  in  weight  and  egg  production.  During  the 
.summer  it  is  planned  to  study  the  value  of  skim-milk  as  a  substitute 
for  meat  meal  and  cotton-seed  meal.  , 

In  the  pedigi'eed  breeding  experiments  for  egg  production,  work 
has  been  continued  along  the  same  general  lines  as  previously  re- 
ported. Some  of  the  Barred  Plymouth  Rock  hens  used  in  this  work 
have  made  a  good  showing,  as  also  have  their  pullets.  Last  year 
Barred  Plymouth  pullet  ^o.  7113  laid  143  eggs  in  seven  months. 
Several  daughters  of  this  hen  are  being  used  this  year  in  furtherance 
of  the  work  and  studies.  The  inbreeding  work  started  last  year  is  be- 
ing continued,  but  results  will  not  be  expected  before  next  season. 

In  the  incubator  experiments  an  effort  is  being  made  to  determine 
if  it  is  advisable  to  artificially  supply  moisture  to  and  use  disin- 
fectants in  the  incubators  before  each  hatch  comes  off.  In  these  com- 
parative studies,  eggs  from  the  same  hens  are  being  used  in  order 
to  eliminate  as  far  as  possible  the  effects  of  differences  in  individu- 
ality. Experiments  with  the  fireless  brooder  have  demonstrated  that 
they  may  be  operated  successfully,  but  that  the  chief  drawback  to 
their  use  is  the  greater  amount  of  attention  which  the  chicks  confined 
in  them  require  for  the  first  few  days. 

DIVISION   OF    HORTICULTURE. 

The  attention  of  the  Horticulturist  has  been  confined  chiefly  to 
preparation  for  and  in  a  study  of  ^*double  flower"  and  self-sterility  of 
blackberries  and  dewberries  with  the  purpose  of  determining  the 
nature  and  cause  of  these  abnormalities.  The  work  was  started  last 
year  and  is  now  fairly  well  under  way.  As  23  varieties  of  black- 
l)erries  and  14  varieties  of  dewberries  are  embraced  in  these  investiga- 
tions, it  is  planned  also  to  make  careful  observations  as  to  the  relative 
standing  of  these  in  reference  to  earliness  and  amount  and  character 
of  fruit.  A  study  will  be  made  at  the  same  time  of  the  influence  of 
many  fertilizer  carriers  and  combinations  upon  yield,  "double  flower" 
and  self-sterility  of  the  various  varieties  under  experimentation. 
The  careful  microscopic  study  of  the  doubled  flowers  and  accompany- 
ing rosette  growth  of  stems  and  leaves  of  the  Wilson  blackberry  and 
of  the  character  of  the  flower-parts  of  the  notably  self-sterile  Premo 
dewberry,  which  is  being  conducted  in  the  laboratory  simultaneously 
with  the  field  work,  will  doubtless  reveal  much  as  to  the  nature  and 
(•au5^?  of  "double  flower"  and  self-sterilitv. 
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Field  experiments  were  begun  this  spring  with  eight  varieties  of 
dewberries  to  determine  the  ability  of  the  several  varieties  to  set  fruit 
without  cross-pollination.  These  were  undertaken  by  enclosing  500 
flower  clusters  in  paper  bags  before  the  flowers  opened.  Results  thus 
far  secured  by  the  Horticulturist  seem  to  indicate  that  "double 
flower"  is  intimately  associated  in  some  way  with  early  dropping  of 
the  old  leaves  during  the  previous  year  and  to  the  premature  develop- 
ment of  buds  which  would  normally  produce  fruit  the  succeeding 
year. 

Some  preliminary  work  with  figs,  Japanese  plums,  and  muscadine 
grapes  has  been  gotten  well  under  way  during  the  year.  A  bulletin 
on  the  Origin  and  Importance  of  the  Scuppernong  and  Other  Musca- 
dine Grapes  is  now  in  press.  This  will  be  followed  by  study  and 
publication  on  other  features  of  muscadine  grape  growing.  It  is  a 
notable  fact  that  most  of  the  leading  varieties  of  muscadine  grapes 
have  been  originated  in  this  State. 

DIVISION   OF   ANIMAL   HUSBANDRY. 

The  Animal  Husbandman  has  devoted  considerable  effort  and  time 
in  providing  new  equipment  and  in  getting  under  way  new  lines  of 
experimentation.  A  major  portion  of  his  efforts  has,  however,  been 
given  to  a  careful  supervision  of  the  investigations  which  are  being 
conducted  jointly  by  the  Animal  Husbandry,  Veterinary  and  Chem- 
ical Divisions  to  determine  the  cause  for  the  disastrous  results  \^liich 
frequently  follow  the  feeding  of  cotton-seed  meal  to  swine,  and  to 
isolate,  if  possible,  the  toxic  principle,  if  such  it  may  be.  Feeding 
experiments  which  have  been  carried  on  by  other  experimenters  with 
cotton-seed  meal  up  to  the  present  have  been  of  an  empirical  nature, 
and  have  afforded  information  only  with  reference  to  the  quantity 
which  may  be  fed,  length  of  the  feeding  period  and  the  symptoms 
and  post-mortem  revelations  produced  by  overfeeding.  During  the 
year  28  pigs  and  93  guinea  pigs  have  been  used  in  carrying  on  these 
investigations.  Out  of  the  23  fractions  of  cotton-seed  meal  that  have 
been  fed,  7,  having  proven  practically  innocuous,  have  passed  from 
under  further  experimentation  for  the  present.  For  comparison  with 
the  results  secured  with  feeding  cotton-seed  meal,  linseed  meal  and 
blood  meal,  as  highly  concentrated  proteinaceous  feeds,  are  being  fed 
with  the  same  supplementary  feeds  and  in  the  same  proportions  to 
guinea  pigs  under  control  conditions.  A  series  of  experiments  has 
recently  been  started  to  determine  the  toxicity  of  cotton-seed  meal 
when  fed  in  conjunction  with  corn  and  green  clover  leaves  to  guinea 
pigs.  From  the  results  secured  in  feeding  cotton-seed  meal  to  horses 
and  mules,  it  is  felt  that  as  a  supplement  to  ear  corn,  shelled  com 
and  corn-and-cob  meal,  this  feed  cannot  generally  be  fed  in  larger 
quantities  than  three-quarters  to  one  pound  per  day  and  have  it  eaten 
clean.     When  fed  in  connection  with  dried  brewers'  grains  or  wheat 
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bran  one  and  one-half  pounds  were  readily  eaten.  During  the  course 
of  the  experiments  .it  has  been  observed  that  horses  eat  the  meal 
more  readily  than  do  the  mules. 

Experiments  are  being  conducted  to  determine  the  value  of  green 
crops  in  general  as  pasturage  for  hogs  and  to  further  ascertain  the 
relative  value  of  oats,  rye,  and  rape,  sovm  alone  and  in  different  com- 
binations. In  these  experiments  cowpeas,  peanuts,  and  sweet  potatoes 
have  been  used,  allowing  the  hogs  to  run  on  them  ad  libitum  after 
the  crops  have  reached  almost  maturity.  By  a  system  of  rotation  it 
has  been  possible  to  have  green  crops  practically  the  entire  year  for 
the  hogs  to  run  on.  The  results  thus  far  secured  from  this  suc- 
cession of  crops  have  been  quite  encouraging.  Grading  experiments 
have  been  started  and  are  well  under  way  with  hogs.  For  this  work 
a  pure-blooded  Berkshire  sire  is  being  used. 

During  the  year  a  Bulletin  on  Feeding  Fermented  Cotton-seed 
Meal  to  Hogs  has  been  prepared  and  issued,  and  two  others  are  in 
course  of  preparation. 

Plans  are  being  developed  for  this  Division  to  feed  experimentally 
this  fall  a  carload  of  high-grade  mountain  steers. 

DIVISION  OF  DAIRY  HUSBANDRY. 

The  Dairy  Husbandman  has,  during  the  year,  given  much  time 
to  working  out  the  details  of  a  commercial  method  of  preparing  cot- 
tage cheese.  A  feeding  experiment  with  eight  dairy  cows  has  been 
conducted  to  determine  the  relative  economy  of  feeding  medium  and 
narrow  nutritive  rations  for  milk  and  cream  production  under  North 
Carolina  conditions.  The  results  of  this  experiment  and  of  cottage 
cheese  work  are  now  in  Bulletin  form  ready  for  publication.  During 
the  year  Bulletins  on  Handling  and  Marketing  of  Milk  and  Cream 
and  Feeding  Experiments  with  Cows  and  Calves  have  been  prepared 

and  published. 

DIVISION  OF  ENTOMOLOGY. 

Much  time  of  this  Division  has  been  devoted  to  studies  of  the  life- 
history  and  habits  of  the  cabbage  webworm,  harlequin  cabbage  bug 
and  plum  curculio,  and  during  the  year  two  Press  Bulletins  giving 
directions  for  combating  the  harlequin  bug  have  been  prepared  by  the 
Entomologist  and  issued. 

The  fumigation  experiments  which  have  been  carried  on  have 
demonstrated  rather  strikingly  the  unreliability  of  carbon  bisulphide 
as  a  remedy  against  corn  weevils  in  the  average  com  bin,  especially 
when  used  in  the  quantities  generally  recommended  per  thousand 
cubic  feet.  Otherwise  following  the  commonly  given  directions  in 
using  this  agent,  but  employing  twenty  times  the  quantity  generally 
recommended,  it  was  found  that  it  was  not  effective  when  used  even  in 
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this  quantity  in  the  Station  barn  as  a  destroyer  of  weevils.  Sulphur 
fumes  were  tried  and  were  found  satisfactory  so  far  as  killing  the 
weevil  was  concerned,  but  cannot  be  recommended  for  general  use, 
as  the  fumes  materially  reduce  the  germinating  power  of  corn  thu^s 
treated.  The  plum  and  apple  trees  at  the  Poultry  farm  which  be- 
came badly  infested  with  San  Jose  scale  have  almost  been  freed  from 
it  by  systematic  spraying.  The  apple  trees  belonging  to  the  Station 
have  also  been  kept  quite  free  from  the  ravages  of  codling  moth  by 
two  sprayings,  just  before  the  trees  bloom,  with  Bordeaux  mixture 
containing  three  pounds  of  arsenate  of  lead  to  fifty  gallous  of  the 
mixture. 

An  insect  collection,  representing  all  the  beneficial  and  injurious 
forms  occurring  in  the  State,  with  records  of  dates  and  places  of 
occurrence,  is  gradually  beiug  brought  together. 

DIVISION  OF  VETERINARY  SCIENCE. 

The  time  of  this  new  Division  has  largely  been  taken  up  in  aid- 
ing in  carrying  forward  the  cotton-seed  meal  feeding  investigations 
which  the  Division  is  conducting  jointly  with  the  Animal  Husbandry 
and  Chemical  Divisions.  The  Veterinarian  has  made  daily  observa- 
tions and  kept  records  of  the  weight,  temperature,  pulsation  and 
respiration  of  a  good  many  of  the  hogs  and  guinea  pigs  which  are  be- 
ing employed  to  further  the  investigations.  A  study  in  many  eases 
is  being  made  of  the  blood  which  is  diseased  by  prolonged  cotton-seed 
meal  feeding.  All  animals  dying  have  been  subjected  to  post-mortem 
examination  and  all  revelations  as  to  internal  derangement  were  care- 
fully noted.  In  many  instances  diseased  tissues  were  preserved  for 
subsequent  microscopic  examination  and  study. 

In  co-operation  with  the  Biological  Division,  this  Division  has 
done  some  work  along  the  line  of  inoculating  milk  with  dirt  and 
germs  from  different  sources  to  determine  if  such  milk  after  a  suf- 
ficient lapse  of  time  would  produce  ptomaine  poisoning  when  in- 
jections of  it  were  made  into  guinea  pigs.  Some  work  has  been 
carried  on  during  the  year  to  determine  the  value  of  a  recently  dis- 
covered serum  as  an  effective  preventive  against  hog  cholera  and 
to  determine  the  relative  worth  of  turpentine  and  thymol  as  vermi- 
fugal agents  for  hogs  infested  with  worms. 

POLICY  OF  THE  STATION. 

It  would  appear  that  the  Station  can  best  subserve  the  purposes  «>f 
its  creation  by  confining  its  efforts  as  largely  as  possible  to  investiga- 
tional work  along  a  few  lines  which  have  been  carefully  planned,  with 
a  clear  conception  of  the  ends  to  be  attained,  by  strong  and  specially 
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equipped  men  of  experience  who  are  broad,  painstaking,  inventive, 
resourceful  and  are  not  afraid  to  work  and  w^ho  can  distinguish  be- 
tween truth  and  opinion  and  between  fact  and  theory.  To  a  large 
extent,  agricultural  education,  which  is  making  such  rapid  progress 
in  these  latter  days,  is  largely  limited  in  its  development  by  the  ad- 
vances made  by  the  Experiment  Stations  in  supplying  material  of 
a  fundamental  nature-  for  teaching  purposes.  The  Station,  under 
the  provisions  of  the  Adams  Act,  has  resources  for  carrying  on  re- 
search work  of  an  original  and  fundamental  nature  in  agriculture. 

An  effort  is  being  made  to  have  all  work  of  an  investigational 
nature  so  planned  and  conducted  that  the  results  secured  will  not 
only  have  scientific  worth,  but  will  also  have  direct  economic  value. 
Although  it  has  no  direct  bearing  on  investigations  under  way,  some 
attention  has  been  devoted  to  an  improvement  in  the  appearance  of 
the  grounds,  buildings  and  general  surroundings,  because  it  is  felt 
that  the  manner  in  which  the  general  operations  of  the  Station  are 
(Conducted  will  be  a  potent  factor  in  determining  the  local  standing 
and  influence  of  the  Station,  if  not  more. 

NEW   BARN    AND   SILO. 

During  the  year  a  new  up-to-date  gambrel-roof  barn  has  been 
finished.  It  is  100  feet  long  and  42  feet  wide  and  has  haymow  space 
for  holding  something  like  150  tons  of  forage.  It  is  ideally  located, 
\v(»II  lighted  and  ventilated  and  is  provided  with  roomy  granaries, 
with  stalls  and  driveways  and  sliding  doors  at  all  openings.  At  the 
t*aat  end  of  the  building  a  large  end  haymow  door  is  arranged  with 
tiexible  wire  cable,  pulleys  and  weights,  and  is  made  to  slide  in 
iruides  on  the  exterior  of  the  building.  Hay  trackage  and  carrier 
run  the  full  length  of  the  barn. 

At  the  west  end  of  the  barn  a  stave  silo,  of  130-ton  capacity,  is 

touveniently  located  both  for  filling  and  feeding  from.     The  design 

iiud  arrangements  of  the  barn  specially  fit  it  for  Uv^e  in  feeding  beef 

cattle. 

BULLETINS. 

Bulletins  have  been  issued  during  the  year  as  follows: 

Xo.  200 — Feeding  Fermented  Cotton-seed  Meal  to  Hogs,  by  K.  S. 
( 'iirtis. 

Xo.  201 — Origin  and  Importance  of  the  Scwppemong  and  Other 
Muscadine  Grapes,  by  F.  C.  Eeimer. 

Xo.  202 — Manufacture  and  Marketing  of  Cottage  Cheese,  Skim- 
}it ilk-Buttermilk  and  Ice-cream,  by  John  Michels. 

Xo.   203 — Com  Weevils  and  Other  Grain  Insects,  by  K.  I.  Smith. 

Xo.  204 — Some  Factors  Involved  in  Successful  Com  Growing,  by 
<"'.  B.  Williams. 
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No.  16  (Press  Bulletin) — Selecting  Seed  Com  for  Larger  Yields, 
by  C.  B.  Williams. 

No.  18  (Press  Bulletin)— r/ie  Apple  Bitter  Rot,  by  F.  L. 
Stevens. 

No.  19  (Press  Bulletin) — Suppression  of  Terrapin  Bug,  by  R  I. 
Smith. 

No.  20  (Press  Bulletin) — Spring  Destruction  of  Terrapin  Bugs, 
by  R  I.  Smith. 

The  reports  of  the  heads  of  the  several  Divisions,  financial  state- 
ment, and  scientific  papers  follow.    ' 
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REPORT  OF  CHEMIST. 


During  the  year  ended  June  30,  the  Chemical  Division  has  been 
engaged  mainly  in  investigations  relating  to  nitrogen  metabolism  in 
soil  and  the  toxicity  of  cotton-seed  meal. 

The  investigation  relating  to  soil  bacteriology  has  been  conducted 
in  co-operation  with  the  Division  of  Bacteriology.  The  analytical 
portion  of  that  work  has  involved  5,606  determinations  in  1,579 
samples  of  soil  and  526  solutions,  as  follows: 

Nitrogen  as  ammouia  by  magnesium  oxide 1,030 

Nitrogen  as  ammouia  by  sodium  hydroxide 240 

Nitrogen  as  nitrates  colorimetrically 107 

Nitrogen  as  nitrates  Tiemann-Schulze 1,529 

Nitrogen  as  nitrites  Griess 1,446 

Nitrogen  as  nitrites  and  nitrates,  Dlphenylamine 1,190 

Nitrogen  total  by  Kjeldahl 20 

Nitrogen  total  by  Kjeldahl  and  Nessler 44 

5,606 

Three  articles  have  been  prepared  representing  the  results  of  this 
work.  The  first  was  published  in  the  report  of  the  Station  for 
1008-09,  and  in  the  Centralblatt  fuer  Bakt,  XXIII,  355-373.  The 
second  and  third  articles  have  been  published  by  the  same  journal 
and  are  submitted  for  publication  with  this  report.  An  article  on 
the  work  was  published  in  Science,  March  26,  1909,  and  a  report 
of  article  three  was  made  to  the  North  Carolina  Academy  of  Science 
at  its  May  meeting.  A  fuller  account  of  the  work  is  shown  in  the 
report  of  the  Bacteriologist. 

The  investigation  relating  to  the  toxicity  of  cotton-seed  meal  has 
l)een  conducted  in  co-operation  with  the  Animal  /Husbandry  and 
Veterinary  Divisions.  The  analytical  portion  of  this  work  has  in- 
volved 60  determinations  in  19  samples  of  cotton-seed  meal,  and 
405  determinations  in  129  samples  of  pig  and  guinea-pig  urine,  as 
follows : 

Albumin   129 

Nitrogen  by  Kjeldahl 13 

Nitrogen  by  ureometer 95 

Specific  gravity   129 

Sugar    129 

495 

Ash    3 

Detain 1 

Choline  1 

Crude  fiber  2 

Extract  by  carbon  tetrachloride 2 

Extract  by  ether 4 

Extracts  by  six  other  solvents 8 


2 
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Moisture 5 

Nitrogen 32 

Pentosans   .- 1 

Raffinose   1 

60 

The  feeds  for  the  guinea  pigs  have  been  prepared  mainly  by  the 
Chemical  Division  and  the  work  so  far  has  been  planned  mainly  bv 
the  Division.  Fractions  of  the  meal  obtained  by  the  use  of  various 
solvents  have  been  fed  to  guinea  pigs,  and  several  of  these  feeds  have 
been  found  to  be  nontoxic.  The  toxic  portions  are  still  being  frac- 
tioned  and  fed. 

The  miscellaneous  work  of  the  Division  has  consisted  of  72  deter- 
minations in  41  samples.     The  samples  were  as  follows : 

Boiler  scale 1 

Feeding  stuffs 18 

Fertilizing  niaterlels 8 

Marls  6 

Minerals 3 

Soils    4 

Urine   1 

41 

The  72  determinations  in  the  41  miscellaneous  samples  were  as 

follows : 

Calcium  oxide  9 

Carbon  dioxide 8 

Gold   

Moisture 

Nitrogen  as  ammouia  by  magnesium  oxide 

Nitrogen  as  nitrites 

Nitrogen  as  nitrates 

Nitrogen  total 13 

Phosphorus  pentoxide   

Potassium  oxide   

Sulphur  dioxide 13 

Acidity    3 

Ether  extract 4 

Humus    1 

72 

The  grand  total  of  work  for  the  year  was  6,233  determinations 
in  2,294  samples. 

During  the  past  year  the  chief  of  the  Division  was  elected  vice 
president  of  the  Association  of  Official  Agricultural  Chemists,  and. 
in  addition  to  the  publications  referred  to,  has  published  an  article 
in  the  Student  Farmer,  The  Progressive  Farmer,  and  the  Sews  and 
Observer  upon  the  importance  of  the  substitution  of  horse  power  for 
human  power  in  agriculture  in  North  Carolina. 

Dr.  W.  A.  Syme  was  appointed  State  Oil  Chemist,  and  has  tendered 
his  resignation,  to  take  effect  May  1.  I  am  glad  to  bear  witness  to 
his  ability,  skill,  high  character  and  pleasant  personality. 
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J.  K.  Plummer  was  added  to  the  staff  of  the  Division  on  August 
15,  and  has  proven  a  very  rapid  and  satisfactory  worker.  He  will 
leave  his  work  here  on  September  1  to  accept  a  scholarship  and  pursue 
post-graduate  work  at  Cornell  University.  F.  W.  Sherwood  was 
added  to  the  staff  of  the  Division  on  May  1,  and  Hubert  Hill  has 
assisted  with  the  work  from  time  to  time. 

The  Division  needs  more  commodious  quarters,  which  I  trust  will 
be  provided  in  the  new  building. 

I  wish  to  express  my  appreciation  of  the  faithful  work  by  the 
assistants  in  the  Division  and  to  thank  you  for  your  cordial  co-opera- 
tion and  interest.  Very  respectfully, 

W.  A.  Withers, 

Chemist. 
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REPORT  OF  BIOLOGIST. 


I  hereby  submit  a  report  of  the  Division  under  my  charge  for  the 
fiscal  year  now  closing. 

The  following  completed  articles  represent  experiments  completed 
and  conclusions  reached  by  work  of  this  Division : 

Concerning  Apple  Diseases. 

Hypochnose  of  Pomaceous  Fruits. 

Soil  Bacteriology  (in  Co-operation  with  the  Division  of  Chemistry). 
II.  Studies  in  Soil  Bacteriology. 
Ammonification  in  Soils  and  in  Solutions. 
Concerning  the  Existence  of  Non-nitrifying  Soils. 

Miscellaneous  Plant  Diseases. 

A  New  Fig  Anthrachnose,  Colletotrichose. 

Alternariose  of  the  Carnation. 

Variation  of  Fungi  Due  to  Environment. 

An  examination  was  made  of  three  samples  of  corn  meal  received 
from  Wilmington,  N.  C,  which  were  suspected  of  bearing  a  causal 
relation  to  pellagra,  several  cases  of  which  had  occurred  in  that 
vicinity  recently,  and  a  report  was  made  concerning  the  more  com- 
mon species  of  fungi  which  were  found  therein. 

One  Press  Bulletin,  No.  18,  Apple  Bitter  Rot,  has  been  issued. 

INCOMPLETE   WORK. 

In  addition  to  the  above  work  which  may  be  regarded  as  completed, 
much  other  new  work  is  under  way. 

Apple  Diseases. — Several  interesting  apple  diseases,  some  of  them 
new,  are  still  the  subject  of  study. 

Lettuce  Experiments, — ^Work  on  lettuce  sclerotiniose  has  been  con- 
tinued, following  the  suggestions  indicated  by  our  previous  studies, 
which  showed  that  hibernation  of  the  fungus  seems  to  be  limited  to  the 
sclerotia.  The  lettuce  bed  was  last  year  thoroughly  infected  with  the 
disease.  Our  efforts  this  year  have  been  entirely  directed  to  the 
prevention  of  the  formation  of  sclerotia,  with  the  hope  that  within 
a  year  or  two  we  may  be  able  to  demonstrate  the  possibility  of  com- 
pletely eradicating  the  disease  from  an  infected  bed.  Also  an  un- 
described  lettuce  disease  of  very  great  destructiveness  has  been 
brought  to  our  attention  from  Fayetteville  and  elsewhere.  The 
bacteria  causing  this  disease  has  been  isolated.  Artificial  infection 
has  been  produced  and  we  are  now  determining  the  identity  of  the 
organism,  its  relationship  and  its  characters. 

Sclerotinia  on  Clover, — A  very  serious  clover  disease  caused  by 
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this  fungus,  close  kin  to  that  on  the  lettuce,  has  come  to  the  laboratory. 
The  causal  fungus  has  been  isolated  and  successful  inoculations 
made. 

Soil  Bacteriology. — This  work  is  being  conducted  jointly  by  the 
Biological  and  the  Chemical  Divisions.  At  present  two  main  lines 
are  under  investigation,  as  follows : 

1.  Methods  for  the  determination  of  Nitrification  and  Ammonifica- 
tion.  This  work  embraces  a  trial  of  the  efficiency  of  various  methods 
to  determine  these  factors. 

2.  Ammoniacal  Nitrogen  versus  Nitrate  Nitrogen.  The  fact  that 
many  of  our  soils  are  deficient  in  nitrifying  power  has  raised  the 
question  whether  nitrates  are  of  great  importance  to  plants  or  whether 
ammoniacal  nitrogen  may  not  be  fully  as  acceptable  to  plants  as 
nitrate  nitrogen.  To  test  this  question,  numerous  experiments  are 
under  way  under  full  chemical  and  bacteriological  control. 

BACTERIOLOGICAL  SOIL  SURVEY. 

In  order  to  ascertain  whether  the  deficiency  in  nitrifying  power,  so 
marked  in  the  neighborhood  of  Raleigh,  is  general  throughout  the 
State,  it  is  planned  to  receive  numerous  samples  of  typical  soils  f roin 
all  portions  of  the  State  and  to  determine  their  ammonifying  and 
nitrifying  powers,  employing  the  methods  devised  by  us  and  which 
are  mentioned  above. 

In  addition  to  the  above  major  investigation,  several  other  inter- 
esting observations  have  been  made.  For  example,  a  serious  out- 
break of  the  egg-plant  wilt;  the  occurrence  of  a  very  serious  maple- 
leaf  disease  in  Ealeigh  which  seems  to  be  due  to  a  yeast;  the  occur- 
rence of  a  cotton-leaf  spot  due  to  a  species  of  Phyllosticta,  possibly 
new ;  a  very  serious,  widely  spread,  sweet-potato  disease,  possibly  due 
to  Oospora,  which  seems  always  to  be  present ;  the  occurrence  of  the 
alga-like  fungus  Rhodochytrium,  which  seems  to  be  everywhere  on 
ragweed,  though  never  collected  on  this  plant  heretofore  and  col- 
lected only  once  before  in  North  America  and  only  twice  in  the 
world. 

Other  interesting  diseases  which  have  come  under  our  observation 
are  a  fig  rust;  a  privet  disease  due  to  fungus  attack  upon  the  roots, 
resulting  fatally  to  the  plants;  a  peanut  Cercospora,  which  is  quite 
destructive;  a  vetch  Colletotrichum,  which  seems  to  l^e  new,  and  a 
rot  of  tuberose  bulbs,  which  caused  the  loss  of  about  "200,000  bulbs 
to  one  grower.  This  last  disease  has  been  found  to  be  due  to  a  species 
of  Penicillium. 

MELON   AND   TOBACCO   WILTS. 

Work  has  been  continued  on  the  lines  of  preceding  years,  looking 
to  control  of  the  melon  and  the  tobacco  wilts  through  the  develop- 
ment of  resistant  varieties. 
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PLANT-DISEASE  SURVEY. 

This  work  is  carried  on  in  co-operation  with  the  IsTational  Bureau 
of  Plant  Industry.  Hundreds  of  letters  have  been  sent  to  farmers 
throughout  the  State,  in  order  to  ascertain  the  prevalence  of  certain 
diseases  of  plants  and  to  secure  information  concerning  their  dis- 
tribution. The  results  of  this  work  will  be  summarized  and  published 
later. 

Several  identifications  of  seeds,  weeds  and  fungi  have  been  made 
and  a  few  bacteriological  water  examinations  have  been  completed. 

CORRESPONDENCE. 

Xumerous  inquiries  concerning  plant  diseases  and  other  botanical 
questions  have  been  received  and  answered.  In  all,  several  thousand 
pieces  of  mail  matter  have  been  sent  out  by  this  Division. 

During  the  year,  J.  C.  Temple,  assistant  in  Soil  Bacteriology,  a 
most  efficient  worker,  has  resigned  to  assume  charge  of  the  Depart- 
ment of  Soil  Bacteriology  at  the  Georgia  Experiment  Station,  and 
has  been  succeeded  by  P.  L.  Gainey,  who  is  doing  able  and  con- 
scientious work.  Kespectf ully  submitted, 

F.  L.  Stevens, 
Biologist, 


Digitized  by  LjOOQIC 


REPORT  OF  POULTRYMAN.  23 


REPORT  OF  POULTRYMAN. 


I  beg  to  submit  the  following  report  of  the  work  in  the  Poultry 
Division  for  the  year  ending  June  30 : 

During  the  year  experiments  have  been  conducted  in  feeding  for 
I)rofitable  egg  production,  in  breeding  for  increased  egg  yield,  in 
determining  the  advisability  of  supplying  moisture  in  incubators  and 
of  disinfecting  incubators  before  each  hatch.  The  studies  in  in-  and 
line-breeding  have  been  continued. 

FEEDING  EXPERIMENTS. 

Feeding  work  this  year  has  been  largely  along  the  line  of  com- 
paring cotton-seed  meal  and  meat  meal  as  sources  of  protein  for  laying 
hens. 

When  this  work  was  started  during  the  summer  of  1908  it  was 
not  known  what  effect  cotton-seed  meal  would  have  on  the  health 
of  the  hens.  All  that  was  known  was  that  for  some  of  the  larger 
animals  it  is  a  valuable  feed,  while  for  others  it  cannot  be  fed  ex- 
cept in  small  quantities  and  for  limited  periods  without  detriment 
to  the  health  of  the  animals. 

In  order  to  test  this,  it  was  fed  to  several  pens  of  fowls  for  three 
months  in  quantities  ranging  from  10  to  20  per  cent  of  the  total 
ration.  Xo  bad  effects  to  the  health  of  the  fowls  resulted  from  feed- 
ing any  of  the  rations. 

On  December  1st  fourteen  pens  of  fowls  were  used  to  continue  this 
work;  five  of  these  were  fed  rations  which  contained  cotton-seed 
meal ;  and  nine  on  rations  containing  meat  meal. 

The  meat  meal  used  was  much  richer  in  protein  than  is  usually 
found  in  products  of  this  class,  as  analyses  showed  it  to  contain  86 
})er  cent  protein  and  7  per  cent  fat.  It  was,  however,  deficient  in  ash 
when  compared  with  animal  meal  and  beef  scrap,  which  are  com- 
monly used  in  poultry'  feeding.  These  latter  feeds  contain  more  or 
less  bone,  which  supplies  the  ash. 

It  had  been  thought  that  part  of  the  benefit  resulting  from  the 
tWding  of  protein  from  an  animal  source  was  due  to  the  mineral 
matter  generally  found  in  these  products,  and  as  this  element  was 
lacking  in  the  meat  meal  used,  we  added  bone  meal  to  some  of  the 
rations  containing  both  meat  meal  and  cotton-seed  meal.  Although 
these  experiments  have  not  been  completed,  it  might  be  well  to  men- 
tion some  of  the  points  that  the  results  seem  thus  far  to  indicate: 

1.  Fowls  do  not  relish  cotton-seed  meal  as  well  as  meat  meal, 
and  therefore  do  not  eat  freely  of  mash  containing  cotton-seed  meal. 

2.  Pullets  fed  on  a  cotton-seed  meal  ration  do  not  develop  as 
rapidly  or  start  to  lay  as  soon  as  those  fed  on  a  ration  containing  meat 
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3.  Hens  have  done  better  than  pullets  on  rations  containing  cotton- 
seed meal. 

4.  The  addition  of  bone  meal  to  a  meat-meal  ration  reduced  the 
cost  of  egg  production  and  increased  the  size  of  stock. 

5.  The  addition  of  bone  meal  to  cotton-seed  meal  ration  did  not 
reduce  the  cost  of  production,  due  probably  to  the  small  amount  of 
cotton-seed  meal  mash  eaten. 

The  results  obtained  even  from  the  best  rations  show  that  if  the 
farmer  is  to  secure  the  greatest  profit  from  his  hens  he  must  take  full 
advantage  of  his  ability  to  give  his  hens  a  good  range  on  a  green 
crop  from  which  they  can  obtain  a  large  part  of  their  food  at  very 
small  cost. 

In  order  to  determine  if  the  farmer  can  profitably  feed  the  more 
concentrated  and  higher  priced  feeds,  such  as  meat  meal  and  beef 
scrap,  and,  if  so,  in  what  proportion  and  at  what  time  of  the  year,  we 
propose  to  put  out  several  pens  of  fowls  on  free  range,  so  that  dif- 
ferent rations  can  be  tested  under  conditions  similar  to  what  the 
farmer  has. 

BREEDING   FOR  INCREASED  EGG   PRODUCTION. 

In  this  work  the  progress  made  has  not  been  as  great  as  had  been 
hoped  for.  The  plan  generally  recommended  for  the  improvement  of 
both  animals  and  plants,  of  repeatedly  selecting  the  best  producers  to 
breed  from,  does  not  appear  to  give  as  good  results  in  egg  production 
as  in  some  other  lines  of  work.  In  a  great  majority  of  cases  it  has 
been  found  that  the  daughters  of  our  best  layers  are  among  the  poorest 
layers.  In  three  years'  work  along  this  line  only  one  female  ha< 
been  found  which  has  shown  any  marked  power  to  transmit  goo<l 
laying  qualities  to  her  offspring.  Neither  this  hen  nor  her  daughters 
have  been  the  heaviest  layers  of  the  flock,  but  better  average  results 
have  been  secured  from  this  family  than  from  any  other. 

From  our  experience  it  has  been  found  that  it  is  more  necessary  to 
know  the  breeding  quality  of  our  hens  than  their  capacity  to  make  a 
large  yearly  record,  and  that  the  best  progress  will  be  made  by  select- 
ing individual  proved  breeders,  and  through  the  individual  establish- 
ing families,  rather  than  by  a  continued  selection  of  the  heaviest  lay- 
ers of  indiscriminate  breeding. 

INBREEDING. 

The  work  in  inbreeding,  as  outlined  in  last  year's  report,  has  been 
continued.  Five  pullets  from  one  of  the  best  hens  were  selected  from 
last  year's  breeding.  Two  of  these  were  mated  with  their  own  sire, 
two  with  a  cock  of  the  same  line  of  breeding,  but  not  closely  related, 
and  one  with  a  cock  of  an  entirely  different  line  of  breeding. 
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INCUBATION. 


The  work  started  last  year  in  testing  the  value  of  supplying  mois- 
ture to  the  incubator  and  in  disinfecting  each  incubator  just  before 
putting  in  eggs  has  been  continued. 

Disinfecting  the  eggs  with  a  10  per  cent  solution  of  zenoleum  has 
also  been  tried.  This  solution  was  found  to  be  too  strong,  as  it  in- 
jured the  hatching  quality  of  the  eggs. 

The  use  of  a  sand  tray  in  the  bottom  of  the  incubator  to  supply 
moisture  has  given  good  results,  the  percentage  of  chicks  which  died 
in  the  shell  being  materially  reduced.  Some  incubator  operators  have 
questioned  the  value  of  this  method  of  supplying  moisture  in  machines 
when  the  ventilation  is  from  the  top  downward.  By  the  use  of 
hygrometers  we  found  that  the  use  of  the  sand  tray  raised  the  relative 
himiidity  an  average  about  10  per  cent  above  that  of  similar  ma- 
chines in  the  same  room  without  the  sand  tray. 

Added  moisture  and  disinfection  are  now  being  used  in  the  general 
hatching  work  of  the  Station,  and  it  is  believed  that  the  disinfection 
can  be  extended  to  the  brooder  as  well  with  good  results. 

BROODING. 

Both  the  fireless  and  heated  brooders  have  been  used  with  good 
results. 

Good,  strong,  vigorous  chickens  can  be  raised  in  brooders  without 
artificial  heat,  but  for  the  first  week  they  need  more  attention  than 
do  those  reared  in  the  heated  brooder.  Chicks  do  not  learn  to  go  back 
into  the  fireless  brooder  as  quickly  as  they  do  in  the  heated  ones,  and 
if  left  to  themselves  are  apt  to  stay  outside  and  become  chilled.  On 
account  of  this  extra  care  there  is  not  so  much  saving  in  labor  as  some 
claim,  but  there  is  a  very  great  saving  in  the  cost  of  equipment  neces- 
sary to  raise  the  chicks  in  the  fireless  brooder,  as  any  handyman  can 
make  the  necessary  box  in  a  few  minutes. 

GENERAL  WORK. 

The  demand  for  improved  stock  for  breeding  purposes  and  eggs  for 
hatching  continues  to  increase,  this  demand  being  about  one-third 
greater  than  during  the  previous  year. 

The  increased  price  of  poultry  and  eggs,  together  with  the  awaken- 
ing of  the  farmers  to  the  fact  that  it  pays  to  keep  good  stock,  are 
largely  responsible  for  this. 

Along  with  this  desire  for  better  stock  has  come  a  demand  for 
information  as  to  the  care  and  management  of  poultry,  which  has 
largely  increased  the  correspondence  of  this  Division. 

Respectfully  submitted, 

J.  S.  Jeffrey, 
Poult  ryjiiafi. 
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REPORT  OF  HORTICULTURIST. 


The  following  is  a  report  of  the  work  of  the  Horticulturist  for  the 
year  ending  June  30 : 

DOUBLE   FLOWER  OF  BLACKBERRY  AND  OF  DEWBERRY. 

Work  on  double  flower  or  rosette  has  consumed  naost  of  the  time  of 
the  Horticulturist  during  the  year.  A  preliminary  study  of  the 
trouble  was  made  during  the  summers  of  1907  and  of  1908.  The 
experimental  work  was  started  during  the  past  spring. 

Only  a  small  amount  of  the  double  flower  appeared  in  the  Wilson 
blackl)erry  plat  this  spring;  this  was  expected,  as  the  trouble  is 
usually  not  very  common  until  the  plants  are  two  or  three  years  ohL 
Xo  double  flower  has  appeared  in  the  Lucretia  dewberry  plat. 

During  the  spring,  observations  were  made  on  23  varieties  of 
blackberries  and  on  14  varieties  of  dewberries.  A  careful  study  i? 
also  being  made  of  the  structure  of  the  double  flowers,  including  the 
rosette-like  growth  of  the  stems  and  leaves  and  also  of  the  flowers 
themselves.  The  double  flower,  so  far  as  has  been  observed,  never 
produces  any  fruit.  Many  of  the  stamens  are  defective  and  the 
ovules  and  druplets  do  not  develop.  This  work  will  be  extended  and 
continued  during  the  coming  year. 

During  June  of  the  present  season  experiments  were  begun  to 
determine  what  effect  spraying,  pruning,  and  picking  off  the  leaves 
would  have  on  the  development  of  double  flower. 

SELF-STERILITY   IN   DEWBERRIES  AND  IN   BLACKBERRIES. 

The  experimental  part  of  this  work  was  started  this  spring.  About 
500  flower  clusters  of  different  varieties  of  dewberries  were  covered 
with  paper  bags  to  determine  what  varieties  will  set  fruit  without 
cross-pollination.  We  are  confining  ourselves  this  year  to  the  fol- 
lowing eight  varieties  of  dewberries :  Austin,  Chestnut,  Cox,  Manatee, 
Premo,  Rogers,  San  Jacinto,  and  White.  Some  interesting  and  very 
decided  results  were  obtained  during  the  spring.  This  work  will 
be  continued. 

A  careful  study  will  be  made  of  the  character  of  the  flowers  of  the 
Premo  dewberry,  which  seems  to  be  notably  self-sterile.  This  is  to 
determine  what  really  is  responsible  for  the  self-sterility,  whether 
it  is  due  to  defective  stamens  or  defective  unfertile  pollen  or  whether 
the  pollen  matures  at  the  wrong  time. 

The  Horticulturist  recently  published  a  Bulletin  on  the  Origin  and 
Importance  of  the  Scuppernong  and  Other  Muscadine  Grapes.  This 
publication  has  aroused  much  interest  in  this  subject. 
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WORK  WITH   PLUMS. 

Work  was  started  during  the  spring  to  determine  whether  brown 
rot  can  be  controlled  in  Japanese  plums  by  thinning  the  fruit  and 
spraying  with  the  self-boiled  lime-sulphur  mixture. 

Respectfully  submitted, 

F.  C.  Eeimer, 
Horticulturist. 
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REPORT  OF  ANIMAL  HUSBANDMAN. 


I  beg  to  submit  the  following  report  of  the  work  carried  ou  by 
the  Animal  Husbandry  Division  for  the  year  ending  June  30 : 

The  experiment  designed  to  determine  the  value  of  fermented 
cotton-seed  meal  for  hogs  has  been  completed  and  the  results  have 
been  reported  in  Bulletin  200,  Feeding  Fermented  Cotton-seed  ]VIeal 
to  Hogs.     The  experiment  is  summarized  as  follows : 

Com  alone  proved  to  be  an  undesirable  ration  for  growing  hogs, 
causing  small  gains  and  unthrift.  This  condition  was  more  marked, 
owing  to  the  fact  that  the  lot  was  closely  penned,  without  pasture; 
yet  the  other  lots,  similarly  confined,  made  relatively  larger  gains. 

Fermented  cotton-seed  meal  can  be  fed  in  small  quantities  for 
limited  periods  with  good  results.  The  results  indicate  that  seventy- 
five  to  ninety  days  is  the  limit  of  satisfactory  feeding.  This  would 
depend,  however,  on  the  age  and  condition  of  the  hogs,  the  supple- 
mentary feeds,  and  the  proportion  of  cotton-seed  meal  fed. 

Lot  3,  fed  a  combination  of  corn  and  cotton-seed  meal,  in  the  pro- 
portion of  four  to  one,  made  larger  and  cheaper  gains  for  the  first 
ninety  days  than  the  lot  similarly  fed  on  corn  and  linseed  meal.  This 
would  seem  to  indicate  that,  when  possible,  cotton-seed  meal  should 
be  used,  since  it  contains  a  larger  percentage  of  protein  and  sells 
for  about  one-fourth  less  per  ton  than  linseed  meal. 

Farmers  would,  according  to  the  results  of  this  experiment,  be  safe 
in  feeding  fermented  cotton-seed  meal  to  75-pound  shoats  in  quantities 
ranging  from  one-sixth  to  one-fifth  the  total  ration,  by  weight,  for  a 
period  of  seventy-five  to  ninety  days. 

The  feeding  of  the  four  lots  of  hogs  during  the  first  period  was 
more  profitable  when  one  part  of  cotton-seed  meal  was  added  to  the 
ration  of  four  parts  corn  than  when  corn  alone  or  corn  and  linseed 
meal  in  combination  were  fed.  In  the  case  of  linseed  meal,  hovs^ever, 
the  greater  cost  of  gain  was  due  to  the  high  price  of  the  feed,  and 
not  so  much  to  its  lack  of  efficiency  in  making  gains.  Barring  this 
one  factor  and  the  possible  danger  in  feeding  cotton-seed  meal,  the 
two  feeds,  according  to  the  results  of  this  experiment,  are  approxi- 
mately the  same  in  feeding  value  when  fed  for  the  time  stated. 

With  corn  and  cotton-seed  meal  each  costing  approximately  $2S 
per  ton,  the  results  show  clearly  in  favor  of  the  combined  corn  and 
cotton-seed  meal  ration,  considering  always  the  limitations  given  as 
to  the  amount  fed  and  length  of  feeding  period.  While  Lots  2,  3 
and  4  had  a  somewhat  larger  ration  than  Lot  1,  the  larger  gains 
during  the  first  period  were  sufficient  to  considerably  overbalance  this 
factor. 
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The  practical  application  of  these  results  would  not  be  to  feed 
under  the  conditions  here  described,  but  rather  to  feed  the  corn  and 
cotton-seed  meal  in  connection  with  grazing  crops,  which  can  be  pro- 
duced so  abundantly  by  Xorth  Carolina  farmers. 

When  fed  with  judgment,  cotton-seed  meal  can  be  made  a  valuable 
adjunct  to  corn  as  a  ration  for  hogs.  It  is  the  cheapest  commercial 
concentrate  for  the  Southern  farmer  and  hence  should  not  be  en- 
tirely ignored  in  swine  production. 

An  experiment  to  determine  the  value  of  cotton-seed  meal  as  a 
feed  for  horses  and  mules  is  in  progress.  In  this  it  is  designed  to 
determine  the  following: 

1.  The  possibility  of  using  cotton-seed  meal  as  a  supplementary 
feed  to  corn  for  work  horses  and  mules. 

2.  The  amounts  and  conditions  under  which  it  could  be  most 
satisfactorily  fed. 

3.  The  economy  of  the  ration. 

4.  The  effect  on  the  health  and  condition  of  the  animal. 

The  experiment  was  started  April  6,  1908,  and  t^e  meal  has  been 
fed  continuously  to  the  present.  The  results  secured  indicate  that 
(V)tton-seed  meal  can  be  made  a  valuable  adjunct  to  the  ordinary  ration 
for  horses  and  mules,  when  fed  properly.  From  1  to  11/^  pounds 
X)er  animal  per  day  have  been  fed  with  apparent  satisfaction.  The 
meal  is  most  satisfactorily  fed,  however,  when  thoroughly  in- 
corporated with  com  and  cob  meal,,  bran,  brewers'  grain,  or  some 
other  feed  of  like  consistency.  It  is  not  possible  to  feed  the  meal  in 
conjunction  with  ear-corn  with  satisfaction.  To  feed  cotton-seed 
meal  satisfactorily  the  feed  which  forms  the  basis  of  the  ration  should 
be  of  such  a  nature  as  to  permit  of  the  meal  being  mixed  with  it 
thoroughly. 

Close  observations  made  on  the  work-stock,  both  in  the  bam  and  in 
the  field,  have  revealed  no  apparent  harmful  results.  This  experi- 
ment will  be  continued  to  study  other  phases  of  the  problem. 

At  the  beginning  of  the  year  an  investigation  was  started  to  deter- 
mine the  cause  of  the  harmful  effects  noted  when  cotton-seed  meal 
is  fed  to  hogs  and  to  isolate  the  toxin,  if  such  it  is. 

This  work  is  being  carried  on  jointly  by  the  Animal  Husbandry, 
Veterinary  and  Chemical  Divisions.  Hogs  and  guinea  pigs  are  be- 
ing used  in  the  work.  The  use  of  guinea  pigs  makes  it  possible  to 
use  in  the  investigations  various  parts  of  cotton-seed  meal  prepared 
chemically,  which  would  not  be  feasible  were  large  hogs  used  ex- 
clusively. Although  definite  results  cannot  be  given  at  this  time, 
the  work  is  progressing  satisfactorily.  The  work  has  gradually  in- 
creased, as  new  phases  of  the  work  developed. 

Along  with  this  work,  grazing  experiments  with  swine  are  l)eing 
conducted  to  determine  the  value  of  the  many  forage  crops  that  grow 
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well  in  North  Carolina.  The  principal  crops  used  so  far  are  cow- 
peas,  soy  beans,  crimson  clover,  sweet  potatoes,  peanuts,  rape,  Canada 
field  peas,  oats,  and  rye. 

During  the  year  a  comparatively  large  number  of  inquiries  have 
come  to  the  Animal  Husbandman  regarding  feeding,  breeding,  and 
management  of  live  stock. 

On  the  Station  farm  a  number  of  improvements  have  been  made. 
The  equipment  for  carrying  on  the  swine  experiments  is  fairly  com- 
plete. Additional  farrowing  pens,  colony  houses,  a  dipping  tank, 
and  pastures  have  been  provided. 

Respectfully  submitted, 

R.  S.  Curtis, 
Animal  Husbandman. 
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REPORT  OF  DAIRY  HUSBANDMAN. 


The  main  work  in  this  Division  consisted  of  a  study  of  the  relative 
economy  of  narrow  and  medium  rations  for  cows  under  North  Caro- 
lina conditions.  This  work  was  prompted  by  the  relative  cheapness  of 
cotton-seed  meal,  which  suggested  the  wisdom  of  feeding  larger  quan- 
tities of  this  material  than  has  hitherto  been  the  custom.  Cotton-seed 
meal  is  very  rich  in  protein,  and  rations  containing  a  large  amount 
of  it  will  have  a  very  narrow  nutritive  ratio — ^much  narrower  than 
is  ordinarily  recommended  for  cattle  feeding. 

The  narrow  ration  fed  consisted  of  five  parts  cotton-seed  meal, 
four  parts  wheat  bran,  three  parts  corn  meal  and  50  pounds  of 
com  silage.  This  ration  had  a  nutritive  ratio  of  1  'A.  The  medium 
ration  was  the  same  as  the  narrow,  except  that  21^^  pounds  of  cotton- 
seed meal  were  replaced  by  2^4  pounds  of  corn  meal,  giving  this 
ration  a  nutritive  ratio  of  1 :5.7. 

The  results  of  this  experiment  were  strongly  in  favor  of  the  nar- 
row ration,  but  it  was  thought  best  to  duplicate  the  experiment  in 
order  to  allow  more  positive  conclusions  to  be  drav^n  with  reference  to 
the  wisdom  and  practicability  of  feeding  a  narrow  ration. 

The  duplicate  of  the  above  experiment  is  now  in  progress. 

A  Bulletin  on  the  ^[anufacture  and  Marketing  of  Cottage  Cheese, 
Skimmilk-Buttermilk  and  Ice-cream  was  published  during  the  year. 

The  facilities  of  the  Dairy  Division  are  excellent  for  the  prosecu- 
tion of  effective  Station  work  next  year,  and  five  new  lines  of  in- 
vestigations are  already  in  progress. 

Respectfully  submitted, 

John  Michels, 
Dairy  Husbandman, 
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REPORT  OF  ENTOMOLOGIST. 


The  following  is  a  brief  statement  of  the  work  of  the  Entomological 
Division  for  the  year  ending  June  30: 

An  investigation  of  the  life-history  and  habits  of  the  harlequin 
cabbage  bug  (terrapin  bqg),  Murgantia  histrionica,  commenced  in 
April,  1908,  and  was  continued  throughout  most  of  the  year.  (A 
full  account  of  this  investigation,  together  with  remedial  suggestions, 
will  be  found  among  the  Scientific  Papers  in  this  Annual  Report, 
under  the  headings,  "Suppression  of  Terrapin  Bugs"  and  "Spring 
Destruction  of  Terrapin  Bugs.") 

Some  attention  has  been  given  to  a  study  of  the  life-history  of  the 
cabbage  webworm,  Hellula  undalis. 

The  common  little  red-house  ant,  Monomorium  pharaonis,  became 
very  abundant  last  August  in  the  agricultural  building,  and  an  at- 
tempt was  made  to  eradicate  them,  or  at  least  to  devise  some  means 
of  preventing  their  presence  in  undesirable  places.  For  nearly  four 
weeks  this  work  was  continued  with  partial  success,  by  collecting 
thousands  of  the  ants  on  sweetened  baits  and  by  attempting  to  at- 
tract them  to  poison  mixtures.  The  sweetened  baits  served  to  trap 
thousands  of  ants,  but  the  poison  baits  were  of  little  if  any  value. 

It  was  demonstrated  that  ants  may  be  kept  off  laboratory  tables, 
desks,  shelves,  etc.,  by  the  use  of  a  saturated  solution  of  bichloride  of 
mercury,  one  application  being  effective  for  several  weeks,  except  for 
an  occasional  stray  individual.  Any  tape,  made  by  soaking  strips  of 
cotton  cloth  in  the  solution,  may  be  tied  around  the  legs  of  tables, 
chairs,  etc.,  and  serves  to  repel  the  ants  for  a  considerable  time. 

The  corn  weevil  problem,  mentioned  in  my  last  report,  has  been 
conducted  mainly  along  the  line  of  fumigation.  Some  field  observa- 
tions have  shown  that  corn  may  become  infested  as  early  as  August, 
while  standing  in  the  field.  The  fumigation  experiments  have  shown 
that  the  usually  recommended  remedy,  carbon  bisulphide,  is  not 
effective  under  ordinary  farm  conditions. 

The  fumes  of  burning  sulphur  were  tested  in  the  spring  of  1908 
and  again  during  the  past  winter.  The  results  proved  this  to  be 
an  effective  remedy  for  killing  corn  weevils,  but  it  was  found  to  be 
impractical  because  it  affected  the  germinating  power  of  the  com: 
even  a  smaller  amount  of  sulphur  fumes  than  was  necessary  to  kill 
the  weevils  materially  reduced  the  germination  of  the  corn. 

Some  work  was  carried  on  during  February  with  good  results  in 
combating  San  Jose  scale  by  means  of  the  lime-sulphur  wash.  The 
orchard  in  which  the  studies  were  made,  as  it  was  badly  infested, 
serves  as  a  good  illustration  of  the  benefit  derived  from  thorough 
spraying  with  this  wash.     The  apple  crop  this  season  has  been  large 
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and  has  been  kept  quite  free  from  codling-moth  worms,  Carpocapsa 
p&maneUa,  by  two  sprayings  just  after  the  blooming  period  with  a 
mixture  of  3  pounds  of  arsenate  of  lead  in  50  gallons  of  Bordeaux 
mixture,  the  latter  being  used  to  prevent  leaf  diseases. 

Press  Bulletins  on  Fall  Destruction  of  Terrapin  Bugs  and  Spring 
Destruction  of  Terrapin  Bugs,  and  a  regular  Bulletin  on  Corn 
AVeevils  and  Other  Grain  Insects  have  been  prepared  by  the  En- 
tomologist during  the  year. 

Respectfully  submitted, 

R.  I.  Smith, 

Entomologist, 
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REPORT  OF  VETERINARIAN. 


I  beg  to  submit  a  report  of  the  work  of  the  Veterinary  Division 
for  the  year  ending  June  30 : 

The  major  part  of  the  work  has  been  given  over  to  a  study  of  the 
toxic  effects  of  cotton-seed  meal  when  fed  to  swine  and  guinea  pigs. 
Both  of  these  have  been  found  to  be  quite  susceptible  to  the  ill  effects 
of  such  feeding. 

Daily  observations  have  been  made  on  nearly  all  of  the  animals 
fed,  to  determine,  if  possible,  specific  symptoms  of  the  derange 
ment  produced  by  cotton-seed  meal.  With  a  number  of  the  svrine 
daily  records  were  kept  of  weights,  temperatures,  pulsations  and 
respirations.  At  frequent  intervals  blood  readings  were  made^  esti- 
mating amount  of  total  solids,  numbers  of  red  and  white  corpuselt  ^. 
the  per  cent  of  hemoglobin  and  specific  gravity. 

Post-mortem  examinations  have  been  made  of  all  animals  which 
died  of  cotton-seed  meal  feeding.  In  a  number  of  instances  weights 
were  taken  of  various  organs  to  compare  with  total  weight,  alsi* 
portions  of  tissues  were  preserved  for  sectioning  and  for  micn*- 
scopical  examination. 

During  the  first  half  of  the  year  work  was  carried  on  with  the 
Bacteriological  Division  in  an  attempt  to  determine  some  of  the 
poisons  and  their  causes  developing  in  milk.  Samples  of  milk 
were  inoculated  with  dirt  and  germs  from  various  sources,  and 
after  a  lapse  of  sufficient  time  for  abundant  germ  growth  the  infected 
milk  was  injected  into  guinea  pigs.  Daily  observations  were  taken, 
and  upon  the  death  of  pigs  post-mortem  examinations  and  attempt^ 
to  isolate  germs  from  the  blood  were  made. 

During  the  year  there  were  a  large  number  of  inquiries  concern- 
ing hog  cholera,  and  at  one  of  the  larger  winter  resorts,  where  the 
disease  had  just  developed,  we  undertook  to  control  its  ravages  hy 
the  production  and  use  of  hog-cholera  serum,  as  advised  by  the 
National  Bureau  of  Animal  Industry.  The  owner  had  lost  during 
the  previous  year  nearly  all  of  his  swine  except  a  few  which  re- 
covered from  the  disease,  and  these  afforded  material  necessary 
for  preparation  of  the  serum.  The  hogs  were  isolated  as  far  a> 
possible  to  delay  or  prevent  infection  until  the  serum  could  K- 
produced,  requiring  some  three  weeks,  according  to  the  metbxl 
pursued.  Nearly  one-fourth  of  the  200  head  were  sick  or  dead  l»y 
this  time,  but  after  the  injections  of  serum  were  made  very  few 
others  became  sick.  As  a  curative  agent  after  the  symptoms  of 
the  disease  developed  it  was  found  to  Ik?  of  little  if  any  value,  such 
as  other  investigators  have  observed,  but  its  effect  in  preventini: 
the  trouble  in  those  not  infected  was  very  marked.     Some  eo-opera- 
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tive  work  with  the  State  Department  of  Agriculture  is  being  under- 
taken to  further  prove  the  efficiency  of  this  serum  in  preventing  and 
controlling  hog  cholera. 

Internal  parasites,  being  extremely  common  in  pigs  and  shoats 
reaching  the  local  market,  turpentine  and  thymol  are  being  com- 
pared as  to  their  efficacy  in  freeing  grossly  infested  shoats  of  worms. 
A  number  of  specimens  have  been  received  at  the  laboratory  for 
examination,  both  bacteriologically  and  pathologically. 

A  marked  increase  in  the  number  of  inquiries  concerning  dis- 
eases in  general  has  been  noted. 

Respectfully  submitted, 

G.  A.  Egberts, 
Veterinarian, 
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RECEIPTS   AND    EXPENSES. 

North  Carolina  Agricultural  Experiment  Station  in  Account  with  the 
United  States  Appropriations,  1908-1909. 

Dr. 

To  receipts  from  the  Treasurer  of  the  United  States,  as  per  appropriations  for 
the  fiscal  year  ending  June  30,  1900,  under  Acts  of  Congress,  approved 
March  2,  1887,  and  March  16,  1906: 

Hatch  Fund   $15,000.00 

Adams  Fund    11,000.00 

Cr.  Hatch  Fund.  Adams  Fund. 

By  Salaries $7,313.88  $8,272.76 

Labor    2,203.45  1,181.09 


Publications    

Postage  and  stationery 

Freight  and  express 

Heat,  light,  water  and  power 

Chemical  supplies   

Seeds,  plants  and  sundry  supplies. 

Fertilizers    

Feeding  stuffs 

Library    

Tools,  implements  and  machinery. 

Furniture  and  fixtures 

Scientific  apparatus 

Live  stock    

Traveling  expenses   

Contingent  expenses 

Buildings  and  land 


662.56 

204.12 

84.29 

39.78 

400.91 

565.33 

223.a4 

519.57 

901.47 

23.98 

83.40 

373.65 

530.40 

171.75 

464.00 

389.90 

258.52 

15.00 

750.00 

267.85 

$15,000.00 

$11,000.00 

1     fitk  \\arehv 

We,  the  undersigned,  duly  appointed  auditors  of  the  corporation,  do  hereby 
certify  that  we  have  examined  the  books  and  accounts  of  the  North  Carolina 
Experiment  Station  for  the  fiscal  year  ending  June  30,  1909;  that  we  have 
found  the  same  well  kept  and  classified  as  above,  and  that  the  receipts  for  the 
year  from  the  Treasurer  of  the  United  States  are  shown  to  have  been  $26,000, 
and  the  corresponding  disbursements  $20,000 ;  for  all  of  which  proper  vouchers 
are  on  file  and  have  been  by  us  examined  and  found  correct,  thus  leaving 
nothing. 

And  we  further  certify  that  the  expenditures  have  been  solely  for  the  pur- 
poses set  forth  In  the  Acts  of  Congress,  approved  March  2,  1887,  and  March 
16,  1906.  *  (Signed) 

J.  T.  Ellington, 

(Seal.)  O.  L.  Clark, 

T.  T.  Ballenqeb, 

Auditors. 
Attest:  A.  F.  Bowex,  Custodian. 
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SCIENTIFIC  PAPERS. 


EFFECTS  OF  DIFFSEENT  FEETILIZIEG  HATSEIALS  UPON  THE 
MATTTEITT  OF  COTTON. 


By  C.  B.  WILLIAMS. 


In  fertilizer  experiments  wliicli  have  been  conducted  at  the  North  Carolina 
Station  farm  on  a  poor  soil  of  the  cecil  sandy-loam  type,  deficient  in  organic 
matter,  during  the  past  five  or  six  years,  it  has  l)een  observed  frequently 
that  the  same  variety  of  cotton  planted  on  the  same  kind  of  soil  and  worked 
by  identical  methods  matured  differently  on  different  plats,  it  being  quite 
marked  in  some  cases.  From  results  secured  at  the  Red  Springs,  Edgecombe, 
and  Iredell  Test  Farms  of  the  North  Carolina  State  Department  of  Agricul- 
ture during  two  years,  the  writer  made  the  same  observations.  These  data 
and  the  deductions  therefrom  were  published  in  September  (1906)  Bulletin 
of  that  Department.  As  results  have  been  secured  from  coarse  sandy,  fine 
sandy  loam,  sandy-clay  loam  and  tenacious  clay  soils  for  two  to  five  years, 
it  will  be  noted  that  the  observations  made  and  results  secured  have  em- 
braced many  years'  data  and  have  covered  a  wide  range  of  soils  located  under 
quite  varying  climatic  conditions. 

At  the  Station  something  like  thirty  tests  have  been  conducted  in  which 
fertilizing  materials  were  combined  in  different  proportions  and  used  in  dif- 
ferent quantities  per  acre,  and  in  all  cases  a  hastening  of  maturity  was  ef- 
fected. On  the  unfertilized  plats  in  all  tests  during  all  the  years  it  has  been 
found  that  in  most  cases  the  larger  the  yield  the  greater  the  combined  per- 
centage of  seed  cotton  open  at  the  first  two  pickings.  At  the  end  of  the 
second  picking  there  was  but  little  difference,  relatively,  between  the  per- 
centages of  seed  cotton  open  on  those  plats  which  received  different  quantities 
of  fertilizer  and  different  fertilizer  combinations;  but  on  these  there  was 
something  like  50  per  cent  more  open,  as  an  average,  than  was  on  the  plats 
which  received  no  fertilizer  application,  but  which  had  otherwise  been  sub- 
jected to  the  same  treatment  as  the  fertilizer  plats.  From  the  unfertilized 
plats  about  75  per  cent  of  the  cotton  was  picked  at  third  and  fourth  pickings ; 
while  those  receiving  an  application  of  commercial  fertilizer  only  had  about 
60  per  cent  of  the  crop  left  to  open  at  these  pickings,  except  in  the  case  of 
the  plat  which  received  a  mixture  of  48  pounds  of  manure  salt  and  78  pounds 
of  dried  blood  per  acre,  which  had,  on  an  average,  68.6  per  cent.  As  showing 
the  seasonal  effect,  especially  of  drouth,  it  will  be  found  that  by  contrasting 
the  results  secured  during  the  years  3904  (with  an  excess  of  .91  Inch  of  rain 
during  the  months  of  August,  September,  October,  and  November)  with  those 
of  1905  (which  had  3.45  Inches  deficiency  from  the  normal  for  the  mouths 
of  August,  September,  October,  and  November,  taken  together,  and  1.52  Inches 
below  normal  for  the  month  of  November),  it  was  found  that  the  average 
percentage  of  total  crop  open  on  four  unfertilized  plats  at  the  fourth  picking 
was  much  greater  in  1905  than  in  1904. 
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EFFECTS  OF  CABBIEES  OF  PHOSPHOBIC  ACID. 

As  carriers  of  phosphoric  acid,  acid  phosphate,  basic  slag  and  finely  ground 
phosphate  rock  have  been  tested,  and  all  have  been  found  to  hasten  the 
maturity  of  cotton,  as  shown  by  the  percentage  of  seed  cotton  open  at  first 
and  second  pickings.  In  fact,  the  hastening  of  the  maturity  was  decidedly 
more  marked  from  phosphatic  fertilizing  materials  than  from  carriers  of 
potash  and  nitrogen  tried.  Increasing  the  quantity  of  phosphoric  acid  derived 
from  acid  phosphate  with  normal  amounts  of  potash  and  nitrogen  was  at- 
tended by  a  gradual  increase  in  the  percentage  of  total  seed  cotton  oi)en 
at  the  first  picking. 

Acid  Phosphate. — When  196  pounds  of  acid  phosphate  was  added  to  an 
application  consisting  of  a  mixture  of  48  pounds  of  manure  salt  and  78  pounds 
of  dried  blood,  there  was  almost  13  percentage  increase  in  seed  cotton  open 
of  total  crop  at  the  first  picking  and  more  than  7  percentage  increase  at  the 
end  of  the  second  picking.  This  application  also  gave  22  at  the  first  picking 
and  12  per  cent  at  the  end  of  second  picking  more  of  the  total  yield  open  than 
was  secured  from  the  adjoining  plat  which  had  received  no  fertilizer  treat- 
ment. 

Basic  Slag. — Basic  slag  was  found  to  hasten  maturity  even  more  than  acid 
phosphate,  as  was  shown  by  practically  one-half  of  the  cotton  being  open  at 
the  first  picking  on  the  plat  which  received  an  application  of  this  material 
in  connection  with  normal  quantities  (48  pounds  of  manure  salt  and  7S 
pounds  of  dried  blood)  of  manure  salt  and  dried  blood.  On  the  plat  to  which 
phosphoric  acid,  in  connection  w;ith  normal  application  of  potash  and  nitrogen, 
was  supplied  from  acid  phosphate,  it  was  found  that  about  12 1^  per  cent 
less  of  total  cotton  opened  at  the  first  picking  than  did  on  the  plat  from 
which  the  phosphoric  acid  in  equal  quantities  was  furnished  from  basic  slag 
under  the  same  conditions.  When  this  latter  material  was  applied  in  the 
drill  in  connection  with  a  ton  of  stable  manure  per  acre,  the  effects  upon 
hastening  maturity  were  markedly  reduced. 

Phosphate  Rock. — Where  high-grade  finely  ground  phosphate  rock  as  a  avT- 
rier  of  phosphoric  acid  was  used  at  the  rate  of  274  pounds  per  acre  (four 
times  normal  phosphoric  acid)  in  connection  with  a  ton  of  stable  manure,  and 
both  were  applied  in  the  drill,  it  was  noted  that  the  percentage  of  total  seed 
cotton  open  at  the  first  picking  was  about  35  per  cent  and  at  the  end  of  the 
second  more  than  20  per  cent  greater  than  on  an  unfertilized  plat  adjacent. 

EFFECT  OF  CABEIEBS  OF   NITBOGEN. 

Carriers  of  nitrogen  used  in  fertilization,  such  as  dried  blood,  nitrate  of 
soda,  etc.,  have  been  found  to  hasten  the  maturity  of  cotton,  but  not  anyways 
near  to  the  extent  that  carriers  of  phosphoric  acid  do.  The  effect  of  the 
common  nitrogen  carriers  seems  to  be  felt  only  at  the  first  picking,  as  there 
is  no  evidence  from  results  secured  that  they  affected  the  percentage  of  total 
crop  open  at  the  second  picking.  When  used  with  normal  amounts  of  acid 
phosphate  and  manure  salt.  Increasing  the  amount  of  blood,  as  the  carrier 
of  nitrogen,  was  attended  by  an  increase  in  the  percentage  of  total  crop  open 
at  the  first  picking,  up  to  200  to  300  pounds  per  acre  of  the  blood. 

Dried  Blood  and  Xitrate  of  Soda. — When  78  poimds  of  high-grade  dried 
blood  was  added  to  normal  quantities  of  acid  phosphate   (196  pounds)   and 
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manure  salt  as  a  fertilizer  application,  the  percentage  of  total  crop  open 
at  the  first  picking  was  increased  3.3  per  cent.  Where  in  normal  applications 
the  amount  of  blood  was  reduced  by  one-half  and  an  amount  of  nitrate  of 
$«ocla,  equivalent  in  content  of  nitrogen  to  the  reduction,  was  used  as  a  side 
dressing  and  applied  early  in  July,  it  was  observed  that  the  percentage  of 
total  crop  open  at  the  first  picking  was  greater,  generally,  than  in  those 
cases  where  the  whole  of  the  normal  application  of  nitrogen  was  derived  from 
dried  blood.  When  one-fifth  of  the  nitrogen  was  derived  from  nitrate  of 
s(.¥ia  and  the  remaining  four-fifths  came  from  dried  blood,  there  was  a  rather 
marked  increase  in  the  percentage  of  total  crop  open  at  the  first  picking. 
When  the  nitrogen,  in  connection  with  normal  quantities  of  potash  and 
phosphoric  acid,  was  derived  from  blood,  one-half  of  which  was  applied  at 
planting  and  the  remainder  reserved  as  a  side  dressing  and  applied  early  in 
July,  it  was  observed  that  a  larger  percentage  of-  total  crop  opened  at  the 
first  picking  than  did  where  nitrate  of  soda  was  used  as  the  carrier  of  nitrogen 
and  which  was  divided  and  applied  in  the  same  way. 

Cotton  Seed  and  Stable  Manure. — ^With  cotton  seed  as  a  carrier  of  nitrogen 
and  applied  in  the  drill  at  planting,  the  effect  upon  maturity  was  about  the 
same  as  where  dried  blood  was  used,,  while  in  the  case  of  stable  manure  there 
was  a  material  increase  in  the  percentage  of  total  crop  open  at  the  first 
picking,  but  showed  no  difference  at  the  second  picking. 

EFFECT  OF  CARRIERS  OF  POTASH. 

Manure  salt  was  the  only  potash-bearing  salt  used.  It  was  found,  when 
used  at  the  rate  of  48  pounds  per  acre,  to  hasten  the  maturity  of  cotton  but 
slightly.  To  be  sure,  the  amount  here  used  was  quite  small,  and  marked 
r€»sults  were  not  expected  where  so  small  a  quantity  of  any  fertilizer  material 
was  used.  Where  one-half,  twice,  and  thrice  this  quantity  of  manure  salt  was 
used  in  connection  with  normal  amounts  of  phosphoric  acid  and  potash,  it 
was  found  that  as  the  proportion  of  potash  increased  the  percentage  of  total 
crop  open  at  the  first  picking  gradually  diminished,  except  for  the  year  1907, 

August  of  which  had  about  three  inches  less  rainfall  than  normal. 

I 

EFFECTS  OF  LIME. 

Slaked  lime  applied  alone  during  the  spring  of  1903  and  1907  did  not  seem 
to  increase  the  maturity  of  cotton  In  any  year,  as  shown  by  the  percentages 
oi»eu  at  the  first  and  second  pickings  being  about  the  same  as  for  the  un- 
fertilized land;  but,  when  used  in  connection  with  a  normal  application  of  a 
mixture  of  acid  phosphate,  manure  salt,  and  dried  blood,  a  marked  hastening 
in  maturity  was  noted.  At  the  first  picking,  on  an  average,  the  addition 
of  air-slaked  lime  at  the  rate  of  1,000  pounds  per  acre  every  four  years 
to  a  normal  application  of  a  complete  fertilizer,  resulted  In  an  Increase  of 
more  than  11  per  cent  of  the  total  crop  maturing  than  of  the  cotton  planted 
on  the  piat  receiving  a  normal  application  alone. 

EFFECT    OF   DIFFERENT    QUANTITIES. 

It  has  been  observed  for  the  tyi)es  of  soli  studied  that  Increasing  the 
amount  of  the  application  per  acre  of  a  fertilizer  analyzing  7  per  cent  avail- 
able [ihosphorlc  acid,  2V(i  per  cent  nitrogen,  and  2i^  per  cent  potash,  from 
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200  to  800  or  1,200  pounds,  that  such  an  increase  was  accompanied  generally 
by  an  increase  in  the  percentage  of  total  seed  cotton  of  whole  crop  open 
at  the  first  picking. 

From  the  data  used  in  preparing  this  paper,  the  following  tentative  deduc- 
tions may  be  made  relative  to  the  influence  of  fertilizer  upon  the  growth  of 
cotton : 

1.  Fertilization  with  ordinary  applications  of  commercial  fertilizers  hastens 
maturity. 

2.  Sandy  and  sandy-loam  soils,  whether  fertilized  or  unfertilized,  yield  larger 
percentages  of  total  cotton  open  at  the  first  two  pickings  combined  than  do 
red-clay  soils. 

3.  Heavy  phosphoric  acid  (NPgK)  fertilization  on  sandy  and  sandy-loam 
soils  and  medium  heavy  (NPjK)  applications  of  phosphoric  acid  from  basic 
slag  have  produced  the  largest  percentages  of  total  seed  cotton  open  at  the 
first  picking. 

4.  Normal  (NPK)  fertilization  yields  on  both  sandy  and  red-clay  soils 
a  larger  percentage  open  at  the  first  picking  than  high  nitrogen  (NjPK)  ap- 
plications. 

5.  High  nitrogen  (NsPK)  applications  generally  yielded  on  all  types  of  soil 
studied  larger  percentages  of  total  yield  open  at  the  first  picking  than  high 
potash  (NPK3)  applications. 

6.  Air-slaked  lime  alone  does  not  hasten  maturity,  but  when  used  in  cow 
nection  with  commercial  fertilizers  it  augments  their  Influence  in  hastening 
maturity,  as  shown  by  percentage  of  cotton  open  at  flrst  picking. 
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SOHE  FACTS  CONCEENING  THOSE  CHAEACTEES  OF  THE  COEN 

PLANT  ASSOCIATED  WITH  TIELD  AND  FACTOES 

WHICH  INFLXTENGE  THEH. 


By  C.  B.  WILLIAMS  and  W.  C.  ETHERIDGE. 


With  corn,  as  with  other  crops,  yield  is  determined  by  environment  and 
by  certain  characteristics  which  the  individual  plants  may  possess.  Without 
a  favorable  climate,  good  soil,  and  thorough  tillage,  no  strain  of  corn  can 
produce  maximum  yields  any  more  than,  with  these  supplied,  can  the  greatest 
yields  be  secured  where  seed  bred  and  selected  in  the  most  intelligent  man- 
ner are, not  used.  In  consideration  of  these  facts,  it  is  deemed  not  inap- 
propriate at  this  time  to  consider  somewhat  in  detail  some  of  those  characters 
of  the  corn  plant  which  seem  to  be  associated  intimately  with  high  yielding 
capacity.  The  deductions  made  are  largely  from  data  secured  with  some  sixty 
to  seventy  varieties  of  corn,  many  of  them  grown  each  under  four  different 
conditions — two  of  fertilization  and  two  of  distancing  the  hills  in  the  rows. 

I.      CHARACTERS    ASSOCIATED   WITH    YIELD. 

Prolificacy  in  Ears. — ^As  prolificacy  is  influenced  by  soil  and  climatic  con- 
ditions, increasing  the  yield  of  any  variety  is  usually  attended  by  an  increase 
in  its  prolificacy  within  narrow  limits;  and  the  larger  the  yield  in  grain  of 
a  variety,  the  larger  the  percentage  of  ear  of  total  plant,  the  heavier  the 
grain  and  the  less  pounds  of  ear-corn  required  to  shell  a  bushel. 

In  variety  tests  on  the  Station  farm  during  the  past  six  years,  as  it  has 
been  found  to  be  a  pretty  general  rule  that  those  which  have  averaged  the 
largest  yields  of  grain  per  acre  were  those  possessing  a  decidedly,  strong 
tendency  to  produce  more  than  one  ear  per  stalk,  it  would  seem  to  be  safe 
to  infer  that  the  prolificacy  of  stalks  in  ears  should  be  given  prime  con- 
sideration in  selecting  seed  com.  In  the  Station  tests  it  has  been  found  that 
Sanders'  Improved,  a  fairly  prolific  variety,  has  yielded  as  an  average  of  five 
years  6.8  bushels  more  of  shelled  corn  per  acre  than  Holt's  Strawberry,  a 
good  one-eared  variety;  while  Biggs'  Seven-ear,  another  prolific  variety,  has 
outyielded  Holt's  Strawberry  4.4  bushels  as  an  average  of  three  years'  tests. 
Ordinarily,  for  the  better  grade  of  improved  farming  lands,  it  is  not  felt  that 
it  would  be  wise  to  select  seed  from  stalks  bearing  more  than  two  ears.  It  is 
believed  that  the  richer  the  land  on  which  the  corn  is  to  be  plan^  the  greater 
the  prolificacy  in  ears  that  may  be  selected  for  with  profit.  On  the  poorer 
grades  of  land  it  is  suggested  that,  until  its  yielding  capacity  has  been  in- 
creased, the  best  one-eared  varieties  be  grown.  Too  great  a  prolificacy  of 
corn  to  be  planted  on  poor  land  may  be  a  positive  detriment  to  yield.  The 
tendency  of  such  seed  will  be  to  produce  a  large  number  of  ears;  and  as 
the  limited  sut)ply  of  available  plant  food  contained  in  the  soil  will  run  quite 
low  towards  the  latter  part  of  the  growth  of  the  plants,  there  will  usually 
be  a  large  number  of  shoots  and  nubbins  produced  and  very  few  ears ;  while, 
on  the  other  hand,  a  one-eared  variety  might  have  given  fairly  good-size  ears 
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under  the  conditions;  certainly  it  would  in  all  probability  have  done  better. 
It  might  be  stated  in  this  connection  that,  where  these  conditions  of  soil  ob- 
tain, it  is  thought  that  time  might  be  put  to  better  advantage  in  growing  on 
it  soil-Improving  crops,  such  as  cowpeas  and  clover,  and  defer  planting  it  to 
corn  until  it  has  been  considerably  improved  in  producing  capacity.  It  is 
not  felt  that  corn  can  be  raised  profitably  on  very  poor  land. 

Percentage  of  Grain, — ^Although  it  is  essential  for  any  variety  to  possess  the 
characteristic  of  producing  a  high  percentage  of  grain  to  ear  for  it  to  attain 
its  maximum  yielding  capacity,  yet,  as  other  factors,  such  as  prolificacy,  sixe 
of  ears,  source  of  seed,  etc.,  enter,  the  largest  yields  need  not  necessarily 
be  expected  from  those  varieties  possessing  the  highest  percentage  of  grain. 
As  a  matter  of  fact,  the  largest  yields  by  varieties  tested  at  the  Station  farm 
during  the  past  five  years  have  been  secured  from  those  which  product*  a 
medium  percentage  of  grain ;  but  this  is  not  because  this  is  an  unessential  of 
the  highest  possible  yields,  but  rather  seems  to  be  due  to  the  fact  that 
varieties  possessing  the  highest  percentages  of  grain  have  been  bred  and 
selected  largely  for  this  quality  alone,  while  other  characteristics  that  might 
have  contrlbutetl  to  the  yields  were  seemingly  left  out  of  consideration  to  a 
large  extent  in  the  establishment  of  these  varieties.  Increasing  the  size  of 
the  ear  of  any  variety,  it  has  been  observed,  is  generally  attended  by  an 
increase  in  the  i)ercentage  of  grain  to  ear,  although  to  some  extent  this  is 
modified  by  season. 

The  best  yielding  varieties  have  been  found  to  bear  ears  which  shell  on 
an  average  of  80  to  87  per  cent  grain.  With  the  same  variety  there  is  a 
seasonal  variation  of  a  fraction  of  a  per  cent  to  2  to  4  per  cent,  or  even  more. 

Size  of  Ears. — Large-eared  varieties  usually  have  a  relatively  low  percentage 
of  grain  to  cob,  and  are,  as  a  rule,  less  productive  of  shelled  corn  per  stalt 
than  the  more  prolific  varieties.  Although,  taking  everything  into  considera- 
tion, where  corn  is  gathered  by  hand,  as  is  done  in  many  portions  of  the  South, 
it  will  usually  be  a  little  easier  and  slightly  cheaper  to  gather  and  handle 
the  same  acreage  of  large-eared  corn  than  of  corn  with  smaller  ears,  when 
the  yield  of  shelled  corn  per  acre  for  both  are  the  same,  yet,  quite  frequently, 
from  a  financial  standpoint,  it  will  be  better  for  the  farmer  to  use  seed 
of  a  variety  possessing  a  relatively  small  ear,  because  of  the  greatly  in- 
creased yield  of  grain  i>er  acre  that  would  result  from  the  use  of  such  seeil. 
Within  reasonable  limits,  it  should  not  be  so  much  the  size  of  the  ears 
that  should  govern  in  the  selection  of  a  variety  for  seed  purposes  as  the 
persistency  of  the  seeil  of  the  variety  to  withstand  adverse  conditions  and  tt» 
produce  large  yields  of  shelled  corn  per  stalk  and  hence  per  acre.  However. 
within  the  sjmie  variety  it  will  usually  be  advisable  to  choose  for  seed  th^nse 
ears,  other  characteristics  being  equal,  that  are  of  the  average  or  slightly  alwve 
the  average  in  size  for  the  variety. 

The  size  of  the  ear  of  a  variety  Is  not  determined  solely  by  heredity,  but 
is  greatly  Influenced  by  climate,  season,  soil  fertilization,  cultivation,  etc.: 
for  the  more  favorable  these  conditions  are  for  the  growth  of  the  plants,  the 
larger  and  heavier  will  the  ears  and  kernels  produced  be  at  maturity:  and 
the  more  unfavorable  these  conditions  are,  the  smaller  they  will  grow.  In 
other  words,  if  seed  of  the  same  variety  were  planted  during  the  same  year 
on  both  rich  bottom  and  ordinary  upland  soils,  It  would  be  found  at  maturity. 
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with  a  favorable  season,  that  the  corn  grown  in  the  bottom  had  not  only  pro- 
duced a  larger  yield  and  greater  number  of  ears  per  stalk,  but  had  also  borne 
(considerably  larger  ears,  and  it  would  generally  be  easy  for  one  who  is  at  all 
familiar  with  ear  tyi)es  of  different  varieties  to  determine  by  general  appear- 
ances whether  a  given  ear  had  been  produced  on  rich  land  or  not. 

It  will  be  better  to  use  seed  of  a  variety  having  medium  small  ears  with 
IMMU'ly  shaped  kernels  in  preference  to  one  with  large,  well-shaped  ears  pos- 
st»ssing  well-formed  kernels,  if  the  former  produces,  under  the  same  conditions 
of  season,  soil,  and  cultivation,  greatly  increased  yields  over  the  latter,  not- 
withstanding the  fact  that  it  may  be  a  little  less  expensive  to  house  the  latter, 
because  the  net  profit  resulting  from  the  former  would  be  much  greater. 

By  using  a  variety  with  a  strongly  fixed  prepotency  to  high  yield  of  shelled 
com  per  stalk — the  great  desideratum,  after  all — the  size  and  shape  of  the 
ear  and  its  kernels  may  be  materially  improved  within  a  few  years,  through 
careful  seed  selection,  with  a  resulting  tendency  to  further  increased  yields 
over  the  original  stock.  It  should  be  borne  in  mind  clearly,  however,  that  by 
developing  larger  and  better-shaped  ears  and  kernels  of  any  variety,  through 
seetl  selection,  persistently  practiced  through  a  number  of  years,  that  only 
two  of  the  many  characters  that  contribute  to  high  yields  are  improved. 

Height  of  Ears  and  Stalks. — It  has  been  found  that  the  best  yielding  varieties 
were  those  which  possessed  a  medium  to  tali  stalk  and  were  those  which 
have  their  ears  at  a  medium  height.  The  varieties  which  had  the  lowest 
stalks  and  ears  were  those  seed  of  which  have  come  from  the  corn-growing 
States  of  the  Northwest.  The  ears  should  be  attached  a  little  below  the  center 
of  the  stalks.  Varieties  which  make  too  large  a  growth  of  stalks  are  gener- 
ally late  in  maturing  and  are  therefore  far  more  likely  to  be  caught  by 
early  frost  in  the  fall  than  those  that  make  a  relatively  small  or  medium 
growth  of  stalk. 

Date  of  Maturity. — ^As  a  general  thing,  those  varieties  which  mature 
♦  arliest  are  the  smallest  yielders  of  both  grain  and  stover,  while  those 
producing  most  per  acre  are  medium  to  late  maturing.  Other  things  being 
tMiual,  earliness  in  maturity  of  not  only  com,  but  all  other  crops,  is  at 
a  sacrifice  of  yield,  as  earliness  and  high  yield  are  antagonistic  characters, 
if  a  favorable  growing  season  is  afforded  for  the  maturity  of  the  later 
maturing  varieties.  Usually,  also,  earliness  is  accompanied  by  a  high  per- 
centage of  ear  to  stover;  but  this  ratio  is  more  or  less  influenced  by  season, 
soil,  fertilization,  breeding  and  selection.  It  might  be  stated  here  that  with 
many  crops,  however,  earliness  is  more  essential  than  heavy  yields;  especially 
is  this  so  with  trucking  crops,  for  if  they  do  not  reach  maturity  early  in 
the  season  the  best  prices  are  not  obtained.  Where  for  any  reason  the 
season  for  growth  is  short,  the  best  of  the  early  varieties  will  give  the 
largest  yields  under  the  conditions,  but  the  yield  will  be  smaller  generally 
than  would  have  been  produced  by  the  best  of  the  medium  and  late  maturing 
varieties  had  the  season  been  sufticiently  long  for  their  full  development. 

II.      DIFFERENT    DISTA:!*C1N0    OF    HILLS    IN    EQUmiSTANT    BOWS    UNDER    DIFFERENT 
DEGREES    OF   FERTILIZATION. 

Effect  Upon  Yield. — The  optimum  distancing  for  yield  of  com,  as  with 
other   crop.s,    is  governed   by   variety,   season,   soil,    fertilization,   cultivation. 
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etc.  For  the  same  soil,  the  more  favorable  the  season,  fertilization,  and 
cultivation,  the  closer,  within  limits,  the  planting  may  be  done  with  profit, 
especially  so  with  the  prolific  varieties.  To  illustrate  specifically  the  effects 
of  fertilization  under  local  conditions  which  embody  principles  of  wide 
application,  it  was  found  that  as  an  average  of  the  yields  of  68  varieties, 
planting  at  20  inches  in  the  row  produced  3.8  bushels  more  shelled  com  and 
563  pounds  of  stover  per  acre  on  highly  manured  land  than  did  spacing 
the  hills  30  inches  in  the  row;  while  on  the  same  land  which  did  not  re- 
ceive but  300  pounds  of  commercial  fertilizer  per  acre  the  yield  of  grain 
and  stover  was  practically  identical  at  both  distancing  (20  and  30  inches) 
and  were  but  little  more  than  one-half  those  obtained  from  the  highly  manurnl 
plats  of  the  same  acreage.  With  the  highly  manured  plats,  76.1  per  c^nt 
of  the  varieties  yield  most  shelled  corn  per  acre  at  20-inch  spacing  of  ihe 
hills  as  against  30  inches,  and  those  which  did  not  follow  this  rule  were  all 
of  one-eared  tyiie.  In  the  case  of  stover,  86.6  per  cent  of  the  varieties 
yielded  most  where  the  stalks  stood  20  inches  in  the  row  on  the  highly  manured 
.plats.  On  the  better  manured  plats,  85.1  per  cent  of  the  varieties  yielded 
a  greater  value  of  total  products  (grain  and  stover)  at  20-inch  spacing  in 
the  rows.  With  varieties  receiving  an  application  of  (cow)  manure  sup- 
plemented by  300  pounds  of  commercial  fertilizer,  the  value  of  total  products 
was  $5.29  more  per  acre  where  the  stalks  were  20  Inches  than  where  th«>y 
were  30  inches;  while  on  the  same  land  which  received  only  300  pounds 
of  commercial  fertilizer  i^er  acre  the  difference  was,  on  an  average,  not 
but  23  cents,  which  was  in  favor  of  20-inch  distancing  in  the  rows.  From 
the  above,  therefore,  it  Is  observed  that  increasing  the  productivity  of  the 
soil  by  a  fairly  liberal  broadcast  coating  of  (cow)  manure  and  fertilizer 
was  accompanied  by  materially  increased  yields,  over  30-inch  spacing,  by 
thinning  the  stalks  to  20  inches,  while  under  ordinarily  poor  fertilization 
there  was  practically  no  difference  l)etween  a  spacing  of  20  and  30  inches 
of  the  hills  in  the  rows,  which  emphasizes  the  importance  of  closer  planting 
as  the  fertility  of  the  land  is  increased. 

Results  in  these  experiments  were  secured  from  68  varieties  of  corn  grown 
in  4-foot  rows  during  1908  on  poor  land  of  the  cecil  sandy-loam  type  which 
would  not  normally  without  fertilization  yield  more  than  12  to  14  bushels  i>er 
acre.  The  land  was  treated  in  two  sets  in  different  degrees  of  fertilization. 
On  one  set  of  plats,  which  will  be  termed  the  **hlghly  manured"  set,  16  tons 
of  a  high-grade  cow  manure  (the  cows  had  been  fed  on  cotton-seed  meal  and 
wheat  bran,  and  no  bedding  was  in  the  manure),  supplemented  by  an  ajv 
pllcation  of  300  pounds  i)er  acre  at  planting  of  a  fertilizer  analyzing  7  per 
cent  availat^e  phosphoric  acid,  3  per  cent  nitrogen,  and  1%  per  cent  potash 
was  used;  while  the  other  set  received  only  300  pounds  of  commercial 
fertilizer  per  acre  of  the  grade  given  above.  This  set  in  the  discussion  thai 
follows  will  be  called  the  ''poorly  fertilized"  one. 

Effect  Upon  Size  of  Ears, — Under  heavy  manuring,  stalks  which  were  30 
inches  in  the  row  produced  ears,  on  an  average,  which  were  .37  inch  longer 
and  .12  inch  greater  in  circumference  than  those  grown  on  stalks  standing 
20  inches  apart;  while  on  the  poorly  fertilized  plats  the  ears  were  .44  inch 
longer  and  .16  inch  greater  in  circumference  at  30-inch  than  those  grown  at 
20-lnch  spacing  of  the  stalks.    The  average  length  and  circumference  of  the 
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ears  on  the  more  highly  manured  land  were  .90  and  .46  inch  respectively 
jjreater  than  where  the  68  varieties  were  grown  on  the  poorly  fertilized  plats. 
On  the  highly  manured  land  84.6  and  68.2  per  cent  and  on  the  poorly  fertilized 
plats  T9.1  and  76.1  per  cent  of  the  varieties  produced  ears  longer  and 
(ircumferenee  of  same  greater  respectively  at  a  spacing  of  30  inches.  As  an 
average  of  all  the  varieties,  it  required  122  ears  to  shell  a  bushel  from 
hills  thinned  to  30  inches  and  131  ears  at  20  Inches  on  the  highly  manured 
plats:  while  for  the  .poorly  fertilized  com,  it  required  166  ears  at  30-inch-grown 
and  2(H>  ears  of  that  grown  20  inches  in  the  row.  On  the  poorly  fertilized 
plats  it  required  an  average  of  56  ears  more  to  shell  a  bushell  of  corn  than 
\x  did  where  the  corn  was  produced  on  the  better  land.  On  the  highly 
manured  plats  72.7  per  cent  of  the  varieties  required  a  larger  number  of 
ears  to  shell  a  bushel  where  the  corn  was  grown  20  inches  apart  in  the 
niws ;  while  on  the  poorly  fertilized  plats  83.3  per  cent  of  the  varieties  required 
most  at  the  same  distancing.  On  the  highly  manured  plats  it  will  be  observed 
that  a  20-inch  distancing  of  the  hills  gave  the  largest  yields,  while  stalks 
<paoed  30  inches  produced  the  largest  and  longest  ears.  Both  higher  fertiliza- 
tion and  greater  distancing  between  hills  increased  the  length  and  circum- 
ference of  the  ears  of  two- thirds  to  three-quarters  of  all  the  varieties  under 
ex|»eriment. 

Effect  Upon  Height  of  Stalks  and  Ears, — On  the  highly  manured  plats  the 
height  of  the  stalks  and  ears  were  2.30  and  1.60  inches  higher  respectively 
at  a  spacing  of  20  inches  between  the  stalks  than  at  30  inches;  while  on 
the  poorly  fertilized  plats  the  stalks  and  their  ears  were  5.50  and  1.70  inches 
higher  above  the  ground  respectively  at  30  inches.  The  average  height  of 
the  stalks  and  ears  under  better  manuring  were  11.35  and  6.40  inches  higher 
resiiectively  than  those  grown  on  the  poorly  fertilized  plats.  Of  the  stalks 
ami  their  ears  of  the  68  varieties,  67.2  and  68.7  per  cent  at  30  inches,  and 
S3.$  and  69.1  per  cent  at  20  Inches,  were  highest  on  the  heavily  manured 
and  poorly  fertilized  plats  respectively.  It  would  seem,  then,  from  these 
data  that  in  the  presence  of  limited  quantities  of  plant-food  in  the  soil  an 
tm^reafle  in  the  distance  between  stalks  from  20  to  30  inches  of  corn  planted 
In  4-foot  rows  leads  to  the  production  of  a  taller  growth  of  stalks  and  higher 
attachment  of  ears  above  ground;  while  with  the  same  soil  fairly  well  sup- 
r>lied  with  plant-food  from  (cow)  manure  and  fertilizer  for  the  immediate, 
needs  of  the  plants  an  Increase  in  the  thickness  of  planting  from  30  to 
20  Inches  is  attended  by  the  growth  of  higher  stalks  and  ears. 

Effect  Upon  the  y umber  of  Ears  and  Amount  of  Shelled  Corn  per  Stalk. — 
On  the  highly  manured  plats  there  were  for  all  the  varieties  taken  together 
.11  more  ear  per  stalk  at  30  inches  than  at  20  inches  spacing  .of  the  hills 
in  the  row,  and  on  the  plats  receiving  only  300  pounds  of  commercial  fertilizer 
.lo  more  of  an  ear  on  an  average  at  30  than  at  20  inches.  Contributing  to 
these  data  91.0  per  cent  of  the  varieties  on  the  highly  manured  land  and 
H6J5J  per  cent  on  the  poorly  fertilized  plats  produced  most  at  the  respective 
favorable  distandngs.  The  average  difference  between  the  highly  and  poorly 
fertilized  plats  was  .15  more  of  an  ear  per  stalk  on  the  former  than  on  the 
latter.  The  com  under  better  fertilization  produced  27  per  cent  more  shelled 
corn  per  bearing  stalk  at  30-inch  distancing  than  at  20  inches;  while  that 
grown  on  land  poorly  fertilized,  an  increase  of  41  per  cent  was  secured  In 
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favor  of  the  former  distancing,  which  indicates  that  in  the  presence  of  limited 
quantities  of  plant-food  a  slight  Increase  in  the  amount  of  space  i>er  plant 
Is  attended  by  a  much  greater  increase  in  yield  of  grain  i^er  stalk  than  is 
secured  on  land  which  Is  more  highly  manured.  The  highly  manured  plats, 
as  an  average  of  both  distancing,  produced  .148  pound  shelled  corn  per  bear- 
ing stalk,  or  an  increase  of  68.4  per  cent  more  shelled  corn  per  bearing  stalk 
than  was  produced  on  the  plats  receiving  300  pounds  of  commercial  fertili2**r 
alone.  It  will  be  observed  that  increasing  the  distance  between  the  hills 
and  the  fertility  of  the  land  were  attended  by  a  larger  number  of  ears  i)er 
stalk  and  by  a  marked  increase  in  the  quantity  of  shelled  corn  per  bearin? 
stalk. 

Effect  Upon  Maturity  and  Stand. — The  two  distancing  of  hills  studied  did 
not  seem  to  affect  differently  to  any  great  extent  the  growth  of  the  plants 
up  to  the  tassellng  and  silking  stages,  yet  the  weight  of  evidence  is  that 
closer  spacing  of  the  stalks  retarded  the  maturity  by  about  one  day.  on  au 
average.  The  corn  on  the  highly  manured  plats  tasseled  and  silked  from 
three  to  four  days  earlier  than  on  those  receiving  an  application  of  com- 
mercial fertilizer  alone.  Better  fertilization  seems  to  lead  to  a  more  perfect 
stand,  as  is  evidenced  by  the  varieties  planted  on  the  plats  which  receive*! 
an  application  of  (cow)  manure  and  300  pounds  of  commercial  fertilizer  l>eiii? 
2.56  per  cent  better  than  that  from  seed  of  the  same  varieties  planted  in  the 
same  manner  on  the  same  type  of  soil  which  received  only  an  application 
of  commercial  fertilizer. 

Effect  Upon  the  Production  of  Suckers. — On  the  more  highly  fertilized  plats 
9.48  per  cent  at  30  inches  and  6.13  per  cent  of  the  stalks  produced  suckers  at 
20-iuch  spacing  of  hills  in  the  row;  while  on  the  iXK>rly  fertilized  plats  6.ir. 
per  cent  produced  suckers  at  30  inches  and  2.87  i)er  cent  at  20  inches.  Suckeri*, 
therefore,  are  increased  in  number  both  by  increasing  the  distance  of  the 
hills  apart  and  by  the  addition  of  more  plant-food  to  the  soil.  It  has  als<» 
been  observed  repeatedly  that  under  the  same  c*onditions  some  varieties 
produce  many  times  more  suckers  than  do  others,  hence  the  production  of 
these  is  a  varietal  characteristic  which  is  influenced  by  fertilization,  spacing 
of  plants  and  other  environmental  factors. 

Effect  Upon  Barrenness. — By  decreasing  the  distance  between  hills  from 
.30  to  20  inches  on  the  manured  plats  the  percentage  of  barren  stalks  was 
increased  from  1.73  to  3.42  per  cent,  while  on  the  poorly  fertilized  corn  it 
was  raised  from  5.26  to  10.73  per  cent.  It  will  be  noticed  from  these  data 
that  for  both  the  sets  the  i>ercentage  of  stalks  barren  was  doubled  by  a 
decrease  in  the  distancing  of  the  hills  in  the  row  by  10  inches,  and  that 
the  corn  on  the  poorly  fertiliz(*d  plats  was  affected  with  more  than  three 
times  the  percentage  of  barrenness  that  prevailed  on  the  plats  receiving  (cowi 
manure  and  commercial  fertilizer.  Therefore,  barrenness  seems  to  be  de- 
creased both  by  an  increase  in  the  distance  between  hills  in  the  row  and  by 
heavier  and  more  favorable  fertilization. 
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VAEIATION  OF  FUNGI  DXTE  TO  ENVIRONMENT.' 


By  F.  L.  STEVENS  and  J.  G.  HALL. 


The  effects  of  environment,  climatic  condition,  soil  fertility,  .the  presence 
of  unusual  chemicals,  the  water  relation  and  what  not  upon  the  form  and 
characters  of  seed  plants  are  well  known  to  the  plant  physiologist,  and  have 
been  the  subjects  of  numerous  studies.  These  factors  are  even  utilized  by  the 
practical  man  to  bring  about  desired  variation. 

That  fungi  vary  similarly  will  not  be  doubted  by  any  who  have  had  to  do 
with  fungi  in  artificial  cultures.  The  kind  and  degree  of  such  variation,  we 
dare  say,  will  be  a  surprise  to  any  who  have  made  special  study  of  this  sub- 
ject. 

While  our  knowledge  of  the  seed  plants,  owing  to  man's  long  acquaintance 
with  them,  their  larger  size  and  comparative  stability  is  considerable,  yet 
even  with  them  the  limiting  of  genera,  species,  varieties,  etc.,  presents  diffi- 
culty. If  we  may  judge  from  the  rich  literature  upon  phanerogamic  taxonomy. 
The  fungi,  because  of  their  Immense  number  of  species,  variety  of  forms, 
minuteness,  paucity  of  distinguishing  characters,  complexity  of  life-history 
I  mostly  unknown)  peculiar  biologic  host  relations  (almost  entirely  unknown), 
and  because  of  man's  short  acquaintance  with  them  and  their  unknown  but 
apparently  vast  range  of  variability,  present  as  yet  baffling  problems  of  rela- 
tionship and  classification. 

The  object  of  the  present  article  is  to  call  attention  to  the  kind  and  degree 
of  environmental  variation  found  in  a  few  species  of  fungi  that  have  been 
studied  by  the  authors  during  the  past  fojir  or  five  years  and  in  some  instances 
to  analyze  the  causes  of  these  variations  to  the  end  that  the  factor  of  envi- 
ronmental variation  may  be  more  clearly  recognized  as  a  problem  of  mycologi- 
cnX  taxonomy. 

We  shall  consider  these  variations  under  the  causes  that  produce  them. 

I.    Density  of  Colonies. 

septoria  petroselini  Desm.  var.  apH  Br.  and  Cav.,  from  celery. 

This  fungus,  when  plated  so  that  the  si>ores  lay  thinly  scattered,  produced 
colfmles  which  were  ultimately  black,  from  1  to  2  mm.  in  diameter,  with 
pycnidia  of  normal  character;  if  plated  so  that  the  spores  lay  in  large  numbers 
I>or  square  centimeter,  it  produced  colonies  which  reached  a  size  of  only  about 
.r»  mm.  and  became  ultimately  black,  containing  ordinary  pycnidia.  bearing 
sjMtres  in  the  normal  way.  When  plated  so  that  there  were  still  more  spores 
IK»r  »quare  centimeter,  the  colonies  never  became  black  and  no  pycnidia  were 
produced;  but  to  the  contrary,  multitudes  of  spiires  were  borne  uncovered,  in 
<  lum[i8  upon  simple  hyphie. 

Si'ptoria  lycopersici  Speg.,  from  tomato. 

S|M>re8  from  pure  culture  were  plated  in  4  per  cent  pea  agar  In  various 
dilutions. 

>Read  in  part  at  the  Baltimore  meetin«  of  the  Botanical  Society  of  America,  December,  1008, 
aiul  published  in  the  Botanical  Gazette  48  (1909). 
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One  plate  developed  5  to  6  colonies  per  square  millimeter  and  each  colooy 
proceeded  to  normal  pycnidial  development.  Another  plate  developed  21  lo 
23  colonies  per  scjuare  millimeter  and  all  proceeded  to  form  naked  conidia 
with  no  indication  of  pycnidia.    Portions  of  these  two  plates  are  represented 


Fia.  1. — Septoria  Lycopersici  Speg.,  showing  for-  Fig.  2. — Septoria  Lycopergici  Spe«..  showinr  : 

mation  of  normal  pycnidia  on  portion  of  thinly  sown       sence  of  pycnidia  on  thickly  sown  portiozi  of  ;  j 
plate  culture.  culture;  magnification  same  as  in  Fig.  1. 


by  photomicrographs  (Figs.  1  and  2).  Drawings  of  the  naked  spores  show- 
ing the  detail  of  their  formation  are  given  in  Fig.  3.  Occasionally  plates  with 
as  many  as  30  colonies  per  square  millimeter  were  found  with  both  pycnidia 
and  naked  spores. 

Pycnidia  not  visible  at  the  fifth  day  may  be  well  formed  by  the  sixth  day 
and  extrude  masses  of  pink  spores 
about  the  twenty-first  day.  Oc- 
casionally pycnidia  are  well  de- 
veloped on  the  fourth  day.  When 
naked  spores  develop  they  normally 
appear  a  few  daj\s  later  than  do 
pycnidia,  c.  g.,  a  plate  thinly  sown 
on  January  12,  1907,  gave  many 
pycnidia  on  January  15,  while  a 
thickly  sown  plate,  under  conditions 
otherwise  precisely  parallel,  did  not 
give  naked  spores  until  January  22. 

This  septoria  forms  a  typical  determinate  colony,  i.  c,  even  with  unlimli«l 
room,  it  proceeds  only  to  a  certain  size  of  development. 

Septoria  conMmHis  E.  &  M.,  from  lettuce. 

When  sown  thinly  colonies  reached  a  size  of  2  to  3  mm.  in  diameter;  wheu 
sown  thickly  they  became  no  more  than  .2  mm.  in  diameter.  There  was  no 
interference  with  color  development  or  formation  of  pycnidia  by  thick  sowing: 
with  this  species. 


Fig.  3. — Mode  of  formation  of  naked  spores 
under  influence  of  crowded  culture. 
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Willi  two  of  these  septorias.  thick  plating,  other  c-onditions  being  the  same, 
so  changed  their  diameter  that  not  only  would  the  si)ec*ies  be  considered  as 
different,  but  the  fungus  would  be  shifted  from  the  Sitliaeropnidales  to  the 
HlttthomyvetalcH  (Hyplaesa  of  Saccardo). 

A  Bimilar  change  of  habit  is  well  known  in  the  genus  Fusarium,  which  in 
rulture.  crowded  or  not,  often  abandons  acervulus  formation,  thus  changing 
its  syKtematlc  i>osltlon  from  the  Tuhcrculariaccae  to  the  Mncedinaceae.  The 
iK»uera  CoUe  tot  rich  urn  and  (ilovosixtrum  similarly  abandon  acervulus  forma- 
tion and  thus  suffer  still  greater  taxonomic  disturbance  by  moving  from  the 
MrlanconialvH  to  the  Hj/phomi/cctales. 

AMrfK'hyta  chryHanthemi  Stevens,  from  chrysanthemum. 

This  fungus  was  plated  January  12,  10C>7.  Myriads  of  pycnidia  were  present 
four  days  later;  thick  plating  causeil  no  inhibition  of  pycnidlal  formation,  no 
nakeil  spores  and  no  constant  effect  upon  the  number  of  pycnidia  produced. 

X'oluteUa  frurtl  S.  &  II..  from  apple. 


Fic.  4. —  Volutella  fructi  S,  and  H.,  showinK  colonies  on  thinly  sown  plate  culture. 


Thiidy  sown,  the  colonies  were  large,  of  Indeterminate  growth,  showing  dark 
jfnters  with  pale  borders  (Fig.  4)  ;  thickly  sown,  growth  was  inhibited  and 
th4»ir  characters  lost.     (Fig.  o.) 

Sprrmotdia  [tut^iHili  Fries,  from  paspaUnn. 

S|K>res  of  this  fungus  were  .sown  January  li>,  VMM.  in  plates  giving  colony 
densities  of  IKK  TA,  3(>,  14  and  1  i>er  Sijuare  nnn. 

At  all  of  these  densities  germination  was  practically  1(X>  per  cent  and 
growth  pro<-eeded  equally  In  all  plates  during  the  early  stages.     On  February 

4 
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11  it  was  noted  that  all  colonies  which  came  nearly  in  contact  were  sp«»rini:. 
Growth  then  stopped.  In  the  plates  bearing  only  one  spore  per  square  mil- 
limeter the  colonies  continued  to  enlarge  slowly  and  to  produce  many  six^rr-** 
in  the  central  portion,  though  remaining  white,  not  attaining  the  usual  yellow 
color.     Deep  colonies  appeared  like  the  superficial,  but  bore  no  si>ores.     On 


Fig.  5. —  Volutelia  fructi  S.  and  H.,  showing  effect  of  thick  sowing. 


February  7  the  colonies  on  thin  plates  (1  per  square  millimeter)  had  attaineti 
a  diameter  of  1.5  mm.  Some  of  those  colonies  transferred  to  tubes  ct>n- 
tinued  to  enlarge,  became  tubercular,  and  developed  a  yellow  center  3  or  4 
mm.  in  diameter.  The  whole  colony  often  reached  1  cm.  in  diameter.  Sister 
colonies  left  in  the  plate  (1  per  square  millimeter)  failed  to  so  develop, 
and  it  is  evident  that  at  even  this  density  normal  development  is  not  attaine<i 
The  colony  is  indeterminate  in  growth  and  in  plates  its  size  is  limited  by 
the  presence  of  adjacent  colonies. 

Sl'MMARY    REGARDIXG    THE   DENSITY   FACTOR. 

This  factor  produces  different  effects  with  the  different  species.  It  may  in 
hibit  pycnidial  formation,  resulting  in  naked  s^wres;  it  may  cause  failure  t«» 
develop  color;  it  may  limit  the  size  of  the  colony;  or  it  may  be  without  effe<i. 

There  are  many  paired  species  of  the  imperfect  fungi  agreeing  closely,  ex- 
cept  in  the  presence  or  absence  of  one  character.     These  pairs  often  invur 


Digitized  by  LjOOQIC 


VARIATION  OF  FUNGI  DUE  TO  ENVIRONMENT. 


51 


upon  the  same  host.  e.  g.,  Septoria  lycopersici  Speg.  and  a  Cylindrosporium 
on  the  tomato,  and  Cylindrosporium  Chrysanthemi  E.  &  D.  and  Septaria 
Chrysanthemi  Cav.  on  the  cultivated  chrysanthemum/ 

Many  other  instances  couid  be  cited. 

The  hick  of  fixity  of  such  a  structure  as  even  tlie  pycnidum  throws  doubt 
uix)n  the  validity  of  such  species  as  these  and  Indicates  the  necessity  of  close 
comparative  study. 

II.     Density  of  Mycelitm  :  Zone  Formation. 

The  formation  of  concentric  zones  is  l)y  many  fungi  one  of  the  most  conspic- 
uous characters  shown  in  cultures.  These  zones  may  be  due  to  any  one  of 
many  structural  characters  of  the  colony:  to  varying  density  of  s])ore  mass- 


Fio.  6. — Ascochyta  Chrysanthemi  Stevens;  plate  culture  showing  that  the 
formation  of  zones  \&  not  coincident  with  diurnal  changes;  ink  marks  show 
growth  for  three  con.secutlve  days. 

Ing;  pycnidia  grouping,  mycelial  branching,  color,  etc.  It  is  a  fre<iuent  pre- 
nomenon  in  nature  in  the  fairj'  rings  of  the  toad  stools,  the  concentric  mark- 
ings of  many  leaf  spots,  fruit  rots,  etc.    These  effects  have  Jbeen  attributed  to 


»Voc.UNO.  Diseases  of  cultivated  chrysanthemums.  Malpighia  15  (1902),  329-341.  E.  S.  R. 
14.  777. 

>Hauited,  Chrysanthemum  leaf  spot,  American  Florist,  10  (1894),  Xo.  333,  263.  E.  S.  R.  6. 
311. 

^Bkach.  Leaf  spot  of  chrysanthemum.  N,  Y.  State  Sta.  Rpt..  1892.  557-560. 

»Halbted.  Report  of  fungus  disease  of  plants.  N.J.  Sta.  Rpt.,  1891,  233-340. 

»S«cc.  Syll.  Fung.  11.  542.  Nos.  3497.  3498.  3757.  Tubeuf  and  Smith.  Diseases  of  Plants.  478. 
Year-Book  l'.  S.  Dept.  Agr..  1906.  507.     Geneva  Sta.  Rpt.,  14.  529.     N.  J.  Sta.  Rpt.,  1894,  361. 
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various  causal  agencies:  to  light  relation,^  to  nutrients.'  to  agencies  other  than 
light,  probably  food,  and  to  resting  periods  and  to  mycelial  crowding.' 

Ascochyta  chrysantJtcmi  Stevens. 

With  the  fungus  in  question  the  fact  that  the  zones  are  not  due  to  light  or 
temi)erature  relations  is  apparent  from  the  fact  that  they  do  not  coincide  with 
the  fluctuations  of  these  two  factors  (Fig.  6).  In  the  colony  shown,  which  is 
that  of  a  plate  culture  kept  at  room  temperature,  there  was  daily  change 
frcmi  warm  to  cool,  light  to  dark,  yet  the  number  of  rings  does  not  coin- 
cide with  the  numl>er  of  these  changes;  moreover,  zones  were  produced  in 
precisely  the  same  way  on  plates  kept  constantly  in  the  dark  as  in  plates  kept 
all  of  the  time  in  the  light,  and  still  the  same  on  plates  kept  three  days  in 
the  dark  and  then  three  days  in  the  light. 

Microscopic  examination  shows  that  with  this  fungus  the  dark  zone  is  due 
to  a  larger  number  of  mycelial  filaments,  the  light  zone  to  a  smaller  number 
of  threads,  as  is  shown  diagrammatically  in  Fig.  7.     It  seems  that  with  this 


a  b  c 


Fig.  7. — DiaKram  showing,  at  right,  the  zones  (stippled)  and  diur- 
nal marks;  at  left,  theoretical  expression  of  cause  of  zonation. 

fungus  the  dense  crowding  of  the  filaments  resulting  from  their  repeated 
branching  Inhibits  growth  either  by  the  products  of  metabolism  or  exhaustion 
of  nutriment.  There  Is  then  a  period  of  quiescence,  followed  by  onward 
growth  of  a  few  scattered  hyphre.  As  these  outgrowing  hyphae  reach  beyond 
the  inhibiting  influence,  they  branch  rei)eatedly  until  a  new  dense  zone  is 
formed.  This  process  is  reix»ate<l  indefinitely.  The  rapidity  of  succession  of 
zones  is  dependent  solely  upon  the  relation  which  rapidity  of  branching  bears 
to  rapidity  of  increase  in  length.  Slow  lineal  growth  and  much  branching 
gives  many  narrow  zones;  rapid  lineal  growth  with  infrequent  branching 
causes  broad  zones. 

ScJerotiuia  Libert  in  u  a  Fckl.,  from  lettuce. 

Zonal  sderotial  formation  is  exhibited  by  this  fungus.  (Fig.  8.)  That 
this  phenomenon  may  be  attributed  to  crowding  of  the  mycelium  is  indicated 
by  the  fact  that  adjacent  colonies  form  more  sclerotia  at  their  points  of  con- 
tact.     (Fig.  9.) 

^MoLZ.  "Ueber  die  Bedingungen  der  Entstehung  der  durch  Sclerotinia  fructigena  erxeugten." 
Schwarzfaule  der  Aepfel.     Cent.  f.  Bak.  11.     Ab.  17,  175. 

HUTCHIN80X,  "Ueber  Form  und  Bau  der  Kalonieen  niederer  Pilze."  Cent.  f.  Bak.  11.  Ab.  17, 
602.     Also 

HEiK;ErocK,  Zonal  ion  in  .Artificial  culture  of  Cephalothecuim  and  other  fungi.  Ann.  Rpt.  17. 
Mo.  Bot.  Card..  1906. 

'.MiLHiRN,  Ueber  .Aenderungen  der  Farben  bei  Pilzen  und  Bakterien.  Cent.  f.  Bak.  Ab.  II. 
13,  257. 

^IsTVANFFi,  Etudes  Microbiologiques  et  mvcologiques  sur  le  rot  gris  de  la  vigne.  Am.  de 
rinstitut  Cent.  Ampel.  Roy.  Hongrois.  1905.  1S3.  ^.^.^.^^^  ^^  VriUUV  It: 
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Fig.  8. — Sclerotinia  Liberliajw,  Fckl.,  showing  zonal  formation  of  sclerotia  on  corn  meal  culture. 


^         •' 


Google 

Fio.  9. — Sderoiinia  Libertiana  Fckl.,  showing  the  formation  of  sclerotia  in  greater  abundance 
wvUt^rt*  tuWAcent  cnXanitHi  cnmA  in  cnntitnt. 
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SUMMARY    REGARDING    DENSITY    OF    MYCELIUM. 

Zone  formation  in  Ascochyta  Chrysanthemi  is  due  to  crowding  of  mycelium, 
not  to  light  or  heat  relation.  A  similar  conclusion  was  reached  by  IstTaaffi 
(Istvanffi  Ic.)  regarding  the  very  striking  zones  shown  by  Sclerotinia.  The 
same  causes  may  apply  also  with  Daldiuia  concentrica  and  many  other  funj;i 
of  similar  structure. 

III.  Chemical  Relations. 

Chemical  relations  have  been  studied  with  eleven  fungi,  the  fungus  being 
usually  grown  in  agar  with  varying  nutrients  added.  Occasionally  other 
media  were  used.  A  chemical  base  agar  (cba)  was  made  of  the  following 
proportion : 

Water    1,000  grams. 

Di-potasslum    phosphate    2.5  grams. 

Calcium   chloride    01  gram. 

Magnesium  sulphate   01  ^am. 

Sodium  chloride  2.5  grams. 

Potassium  sulphate  2.  grams. 

Agar    15.  grams. 

To  100  cc.  of  this  chemical  base  agar  were  added  the  following  materials 
singly  or  in  varj-lng  combinations  : 

Ammonium  lactate   5     gram. 

Sodium   asparaginate    25  gram. 

Glucose    1.       gram. 

Starch    1.       gram. 

The  tests  were  usually  made  in  both  plate  and  tube  cultures. 

VolutcUa  frurti  S.  and  H..  from  apple. 

This  fungus,  when  sown  thin,  forms  large  indeterminate  colonies,  often  with 
numerous   scatteivd    tuber- 
cular blotches  (Fig.  10 K 

On  pure  agar  and  cba 
the  colonies  were  pale; 
mycelium  hyaline;  black 
tubercles   very   sparse. 

On  pea  agar  black  tuber- 
cles were  niuch  more  abun- 
dant, otherwise  as  on  pure 
agar. 

On  cba  -f-  s<h1  i  u  m  a  spa  - 
raginate  black  tubercles 
were  still   more  numerous. 

On     cba-|-s<Mlium     aspa- 
raginate-|-starch   black    tu- 
l»ercles   were   more   numer-      ^^^^^^ 
ous    than    in    any    of    the      ' 
alH>ve,  and  the  colony  was 
black   (Fig.   11  >. 

On      cba-l-s<Hlinni      asna-         ^'*^-  ^^- — Vo/uM/a  fructi  S.  and  H.:  colony  on  pw  a*»^ 
ini      tua-t-h<Hiuim      .iNpa       ^x^^^yi^^^  tubercilar  blotches,  some  of  them  in  conwninc 

raginate-j-ghu'ose  black  tu-     rinKs:  mycelium  nearly  hyaline,  due  to  lack  of  cartwhj 
t        I  ^.1,  dratfs. 

iH^rclt^     were     still     mt>re 

numerous.  st>  many  as  to  l>e  «^i>ntieuous,  and  the  whole  eolony^^C densely 

black.  ^ 
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On  gelatinized  starch -j-I'schinsky's  solution  the  mycelium  was  black,  and 
some  digestion  of  the  starch  was  observed. 

<m  none  of  the  above  media  were  spores  forme<l,  but  on  sterilized  apple 
twigs  si)ore8  were  produced  in  abundance. 

The  differences  here  noted  uiwn  these  different  media  are  sufficient  to  alter 
entirely  the  general  appearance  and  to  shift  the  fungus  from  the  Tubercu- 
lariaciae-Dematiae  to  the  Tuberculariaciae-Mucedinae. 
f'oniothj/riutn  FuckcUi  Sacc..  from  apple. 

This  fungus  when  growing  upon  a  medium  rich  in  starch  becomes  black 
in    its   peripheral    layer.      Glucose   fails   to   produce    the   same   result.      The 
mycelium  hyaline  when  on  pea  agar,  but  tawny  on  apple  agar. 
Srptoria  petrosclini  var.  apii,  from  celery. 

This   fungus  fails  to  produce  naked  spores  when  sown  thickly  on  celery 
agar,  though  it  does  so  under  similar  conditions  when  upon  lettuce  agar. 
CoUetotrichum  carica  S.  and  H.,  from  flg. 

This  fungus  upon  the  different  media  used  showed  striking  differences  In 
number  or  setae,  varying  from  none  to  abundant;  number  of  spores  varying 
from  few  to  many ;  color,  varying  from  pale  to  almost  blade. 
On  cba-f- growth  was  scant;  acervull  small,  setae  absent. 

On  cba-f- nmmonium  lactate  and  cba-f- so- 
dium asparaglnate  growth  was  about  as  in 
cba,  except  that  numerous  black  setae  were 
present. 

On  cba-f-ammonlum  lactate-|-starch  the 
acervuli  were  larger,  more  numerous,  with 
numerous  large  black  setae. 

On  cba-f- sodium  asparaginate-h  glucose, 
black  setae  were  numerous. 

On  cba-f-sodium  as[)araglnate-f  ammonium 
lactate  there  were  a  few  .setae. 

Kpicoccus  sp.  indct,  from  apple  agar  In 
Petri  dishes. 

This  fungus  on  pure  agar  and  cba  was  col- 
orless. On  cba -h starch  or  cba-f-glucose  there 
was  much  richer  mycelial  development  which, 
moreover,  took  on  a  rich  yellow  color  that  in 
sjwts  turned  to  pink.  Sometimes  black  spots 
develoi)ed  on  the  first  of  these  media,  but 
not  upon  the  scK'ond.  This  fungus  shows 
strikingly  the  differentiating  value  of  starch 
and  glucose  for  fungus  culture. 

Upon  apple  agar  still  another  character  de- 
veloped, a  rich  golden  color  of  the  abundant 
fluccose  matted  aerial  hyphtp.  This  reaction 
is  fully  as  striking  as  the  familiar  rose  color 
r)r(Kluceil  by  a  certain  species  of  Fusarium.' 

With  this  fungus  we  have  absence  of  color 
in  agar  and  cba.  but  rich  coloring  of  varying 
hues  in  the  presence  of  carbohydrates  and  ujion  apple  agar. 


Fig.  11. — Voluteila  fructi  S.  and 
H.;  two  black  colonies  upon  cba  + 
sodium  asparasinate  +  starch. 


'Behsey,  Ueber  die  Bedingungen  der  Farbbildung  bei  Fusarium,  Inaug.  Diss^Halli 
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PhyUosticta  sp.  indet.  from  apple  agar  iu  Petri  dishes. 

This  fimgus  grew  faster  on  agar  than  on  cba,  formed  pycuidia  sparsely  on 
agar  and  not  at  all  on  cba. 

With  sodium  asparagimite  added  the  mycelium  becomes  very  dense,  with 
considerable  aerial  development,  remains  colorless  and  produces  few  pycnidla. 
and  these  visible  only  with  the  two-third  objective.  The  presence  of  gluf<»s<» 
led  to  exceedingly  profuse  i)ycnidial  development,  while  on  starch  the  growth 
was  as  with  cba4-w)dium  asiiaraginate,  showing  again  the  ability  to  utilize 
glucose,  but  not  starch. 

Alteniaria  ttp.  itidet,  from  Lawson  carnation. 

This  fungus,  the  cause  of  an  apparently  undescribed  carnation  disease  whli-h 
will  be  the  subject  of  a  subsequent  pai>er,  was  isolated  during  Octol»er.  1IH»s. 
There  was  strilving  difference  In  the  color  of  the  colony  upon  different  mc^lia. 
varying  from  merely  hyaline  to  dense  black.  The  size  and  color  of  the  sp«»res 
was  also  so  modified  as  to  give  much  more  than  what  is  usually  regaiiied  as  a 
si)ecific  difference. 

On  pure  agar,  cba,  cba -f- ammonium  lactate,  cba -f  sodium  as]mraginate.  am! 
upon  cba -f  ammonium  lactate-f-sodium  asparaginate,  the  mycelium  was  color- 
less and  the  colony  corresiwndingly  colorless,  while  upon  cba -|- sodium  asj^a- 
raginate+starch  and  cba-|-sodium  asparaglnate-j-glucose  the  mj-celium  was 
very  dark,  more  profuse,  more  freely  branched,  and  the  colony  therefore  of  an 
entirely  different  aspect. 

Spore  formation  proceeded  sparingly,  though  evenly  and  regularly,  upon 
pure  agar,  cba,  cba+ammonlum  lactate,  cba4-s<Kiium  asparaginate,  cba-j- 
sodium  asiiaraginate+ammonium  lactate;  but  very  abundantly  upon  cba -{-so- 
dium asparaginate-fstarch  and  ui)on  cl>a-hs()dium  asparaginate-j- glucose. 
Here  the  sodium  asparaginate  seems  not  to  furnish  the  carlwn  in  sufflcieutly 
available  form,  though  starch  or  glucose  do  so  to  nearly  equal  extent. 

The  size,  color  and  septation  of  the  sjiores  were  also  greatly  influencetl  by 
the  medium. 

From  carnation-agar  plates  the  spores  measured  from  10  to  52  mu  long  by 
G  to  13  mu  thick,  bearing  from  mme  to  three  longitudinal  septa  and  fnun 
3  to  7  transverse  sei)ta,  while  from  the  live  carnation  leaf  the  spores  wen* 
from  2(»  to  V2'i  nui  long  by  10  to  20  mu  thick,  bearing  from  1  to  1)  or  often 
numerous  longitudinal  sei)ta  and  from  3  to  15  transverse  sei>ta.  It  is  setMi 
that  the  si»ores  are  ai»proximately  twice  as  long,  twice  as  thick,  of  darker  cidor 
and  with  many  more  septa  in  each  direction  upon  the  natural  medium  than 
upon  the  carnation  agar,  differences  which  would  ordinarily  be  reganleil  as 
clearly  of  specific  rank. 

Altrrnaria  BraHsk-w  (Berk.)  Sacc.,  from  collard. 

This  fungus  made  hyaline  mycelium  in  cba  and  cba -{-sodium  asparaginate: 
black  mycelium  in  cba-|-so<lium  asparaginate -f-giycose  and  In  cba-{-stMluim 
asparaginate-f- starch,  starch  prtKlucing  by  far  the  most  pronounced  effecrt. 

Digestion  of  the  starch  grains,  somewhat  in  advance  of  the  tips  of  the  on- 
coming fungus  threads,  produced  a  clear  zone  surrounding  each  colony  in  ihe 
starch-bearing  plates. 
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Aftfnrhyta  Chrpaanthemi  Stevens. 

This  fun^uK  was  prown  iii  tbe  usual  media  with  no  sljfnificaijt  effects,  ex- 
cept that  tbe  fun^nis  did  not  digest  the  starch  grains  afforded  in  tlie  medium. 

A  tleposit  of  great  thickness  around  mycelial  threads  was  made  in  the  case 
•  »f  i-ertaln  mtnlia  and  not  In  others,  as  has  already  been  mited.* 

In  stime  instances  culture  at  a  high  temperature  occasioned  this  same 
nsjMinse. 

SUMMARY    OF    CHEMICAL    RELATIONS. 

The  most  striking  resi)onse  to  chemicals  is  in  color,  which  so  far  as  ob- 
served was  invariably  heightened  by  the  presence  of  chemicals  bearing  carbon 
in  available  form,  the  form  of  available  carbon  varying  for  different  fungi. 
Smie  fungi,  possessing  ability  to  digest  starch,  can  utilize  this  as  a  source, 
while  to  others  the  carbon  of  starch  is  inaccessible.  Special  unknown  chemi- 
lals  in  apple  add  vivid  colors  to  fungi  otherwise  hyaline.  Some  chemicals 
alsii  promote  or  inhibit  spore  formation.  Some  inhibit  or  jiromote  growth  of 
sHae.  and  some  even  alter  the  size,  color  and  septation  of  spores.  Milburn. 
Working  under  Klebs  (Milburn,  Ic),  has  also  note<l  pronounced  effects  of 
(•hemicals  upon  the  color  of  fungi.  The  difference  in  c*olor  effects  produced 
by  different  fungi  under  the  same  conditions  and  with  the  same  fungus  under 
different  conditions  is  also  noted  by  Bessey.' 

No  correlation  is  noted  betwetm  rapidity  of  lineal  growth  and  nutritive 
value  of  the  medium.  In  many  instances  most  rapid  lineal  growth  occurre<l 
in  what  was  surely  the  |)©orest  inwlium.  Very  poor  media  sullice  in  many 
cases  also  for  spore  formation,  while  rich  media  often  result  in  cessation  of 
siK>re  formation.* 

i'oUctotrirhum  Lindemuthiunum,  sometimes  with  setae,  often  without,  has 
long  been  of  questionable  generic  i>osition.  The  same  is  true  of  several  other 
sjMH-ies  of  this  genus.  Aiternaria  Braxs'ww  and  Macron  pari  urn  BiuhhIcw 
;ii:rf»e  closely  excei)t  as  to  presence  or  absence  of  catenulate  spores." 

Variation  of  this  kind  is  probably  due  to  variation  in  chemical  composition 
«»f  tbe  8iipi)orting  medium,  e.  //.,  change  in  sugar  content  as  ripening  proceeds, 
acting  in  such  way  as  to  give  the  fungus  the  ai)i)earance  of  belonging  to  one 
irenus  when  uiM>n  the  gi*een  sugar-free  fruit,  to  another  genus  as  the  starch 
Kives  place  to  sugar  as  the  fruit  ripens, 

IV.  Light  Kelatiox. 

The  absence  of  material  effect  of  light  upon  lineal  growth  with  these  species 
«»f  fungi  is  shown  in  Table  I. 

Bot.  Gaz..  44,  1907.  241. 

M.  Brtarico'  Hyphae  brevLs  conidia  60-80  x  14-18.  septae  6-8. 
M   Brasnca  Hyphae  obsoletis  conidia  50-60  x  12-14,  septae  5-11. 
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Table  I. — Relation  of  Light  to  Orotcth. 

Figures  express  growth  in  millimeters.  The  cultures  marked  "alternate" 
were  kept  several  days  in  light  and  several  days  in  dark;  I^=llght,  I>=dark. 
Inoculated  December  8,  1908. 


Date  of 
Observation. 


Condition  of  Light. 


On  Macrosporium 
Brassice. 


I 


In  Alter- 

^^f^^^'l     and 

Dark,    i 


In 
Dark- 
ness. 


December    9__.  Germ  I  Germ  L      Germ 


December  10-. 
December  12__I 
December  13  _  _ 
December  14_.' 
December  15.  _ 
December  16.  .I 
December  17.  _' 
December  18.., 
December  19.. 


1 
6 
9 
13 
16 
17 
23 
26 
28 


1  L 

6L 

10  L 

12  D 

16  D 

17  D 
23  L 
26  L 
28  L 


1 
6 
9 
11 
15 
17 
21 
29 
29 


On  Phyllosticta 
sp.  mdet. 


On  Ascochyta 
Chrysanthemi. 


1 

In  Alter- 

1 In 

1  Light. 

nate 

In 

Light 
and 

Dark- 
ness. 

! 

Dark. 

1 
:    0 

OL 

0 

1  Germ 

Germ  L 

Germ 

1       ^ 

4L 

4 

7 

7L 

6 

,      10 

10  D 

7 

!     13 

13  D 

10 

14 

13  D 

13 

1      16 

16  L 

16 

1     20 

18  L 

19 

j     23 

20  L 

20 

In  Alter- 

In 
Light. 

nate 

In 

Light 
and 

Dark- 
ness. 

Dark. 

0 

2L 

0 

Germ 

3  L 

6 

4 

12  L 

12 

12 

16  L 

14 

15 

20  D 

18 

17 

25  D 

22 

25 

30  D 

25 

33 

37  L 

31 

39 

39  L 

37 

41 

45  L 

37 

Ascochyta  Chrysanthemi  Stevens.  The  growth  is  more  floccose  in  dark- 
ness. 

Phyllosticta  sp.  Indet.  This  fungus  forms  its  pycnidia  in  l)eautiful  t>m- 
eentric  rings  when  in  open  room,  *.  e.,  alternate  light  and  darkness,  but  in 
continuous  darkness  they  were  irregularly  scattered.  Culture  No.  35  inadv 
concentric  rings  when  in  the  light  and  failed  to  do  so  when  moved  to  darkness. 
Cultures  kept  in  the  open  room  lay  down  rudiments  of  pycnidia  mainly  dnrin:; 
the  night,  and  it  is  probable  that  light  exerts  enough  inhibiting  influence  on 
pycnidlal  development  to  give  a  growth  predominance  during  the  day  and  a 
fructifying  preiiominance  during  the  night.* 

AUcrnaria  Bransiccp  (Berk.)  Sacc.  With  this  fungus  the  end  of  each  day> 
growth,  evening,  marks  the  edge  of  a  zone.  The  zone  thus  marked  is  inten.^i- 
fied  during  the  succeeiling  twenty-four  hours  by  color  changes.  While  r«»ne< 
are  formed  to  some  extent  in  continued  darkness,  they  are  more  pronouuft**! 
in  the  room  condition. 

SIMMARY  OF  LIGHT  BEI^TION. 

Light  exerts  little  or  no  effect  upon  lineal  growth  with  these  fuugi.  It 
appears  to  e.xert  an  inhibiting  influence  on  pycnldial  development  and  in  sonu» 
instanc**s  is  the  cause  of  zonation  in  colonies. 

V.     Unknown   F'actors. 

.  I  Hcorh  yta  ( '/i  ri/sa  nth  cm  i  Stevens. 

This  fungus  friHiuently  exhibited  differences  in  character  along  dllTorent 
radii  of  the  same  <:n»lony,  the  conditions  of  medium,  thickness  of  S4>wln2. 
humidity,  etc..  l>eing  ap|)arently  identical.  Fig.  12  shows  such  a  colony.  AIt»iic 
the  radius  a — a  at  h  the  colony  Inire  pycnidia  abundantly,  and  the  myit»Ii.il 


>Hedgccock,  Ic. 
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progeny  of  this  strain  extending  to  the  periphery  of  the  colony  was  rich  in 
pycnidia,  while  most  other  radii  of  the  colony  were  sterile  or  nearly  so. 
Transfers  were  made  from  the  point  c  (sterile)  and  d  (pycnidial)  to  fresh 
plates.  The  sterile  mycelinm  prodnced  a  colony  which  through  its  early  days 
was  sterile.  As  it  aged  it  formed  a  few  large  pale  pycnidia.  The  fertile 
strain  produced  a  fertile  colony  with  very  numerous  though  small  pycnidia. 
Transfers  made  again  from  these  two  strains  resulted  in  a  complete  reversal 
<»f  character,  the  fertile  becoming  sterile  and  the  sterile  becomhig  fertile.  No 
t*xplanation  of  this  suggests  itself. 


Fig.  12. — Ascockyta  Chrymnthemi  Stevens,  showing  abundant  pycnidia  on  radius 
Q-a,  at  point  b,  and  paucity  of  pycnidia  elsewhere. 


When  this  fungus  was  plated  from  a  suspension  of  siK)res  two  types  of  colony 
develoiHHi  c*or  respond  lug  to  the  two  strains  mentioned  above.  The  first  "type 
<»f  few  pycnidia"  developeil  a  copious  aerial  mycelium  of  a  loose  floccose  nature, 
extended  regularly  in  all  directions  and  was  long  devoid  of  pycnidia.  When 
the  pycnidia  did  form  they  were  few,  large  and  superficial  (B^ig.  13).  The 
sec'ond  "tj'pe  of  many  pycnidia"  had  little  or  no  aerial  mycelium,  all  the 
mycelium  being  either  immersed  or  of  strict  growth;  was  roughly  circular  in 
colony,  not  regularly  so  as  in  first  type,  and  small,  irregular,  mostly  im- 
mersed pycnidia  were  formed  in  myriads  throughout  the  colony.  (See  Fig. 
14.)     These  two  tyi>^«  of  colony  appeared  on  the  same  i)lates  which  were  in- 
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oculated  with  sjmres  from  the  same  iiyonidium,  therefore  (leveloi>ed  in  xlh' 
same  nutrient  condition,  humidity,  temperature,  etc.  Dei)tli  of  i)Ianting  is  ii<'T 
the  cause  of  these  differences,   since  tioodiny:  tlie  plate  witii   an  extra   tiiU- 


Fig.  V.i.—Ascockyta  ChrysatUhemi  Stevens;  portion  of  colony  showing  few  pycnidia;  cf. 
Fig.  14. 


Fig.  14. — A^ochuta  ChruHcmthcmi  Stevens;  portion  of  colony  showing  many  pycnidia. 
cf.  Fig.  13. 
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nf  agar  after  the  agar  first  plated  had  set.  did  not  change  the  proi)ortlon  of 
the  two  types.  Nor  did  sowing  In  such  way  that  the  spores  were  at  the 
lM>tt<un  rather  than  at  the  top  of  the  agar  change  results.  There  was  a 
marked  tendency  of  colonies  of  both  types  of  the  fungus  to  become  more 
prcHluctlve  of  large  pycnidia  where  two  different  colonies  approach  each  other, 
suggesting  that  there  might  be  needed  a  co-operation  of  two  diverse  strains 
in  order  to  form  a  pycnidium ;  that  the  strains  of  few  pycnidia  laclied  the 
requisite  individuals,  and  that  the  strains  of  many  pycnidia  had  more  than 
one  individual  to  the  colony.  To  test  this,  colonies  were  traced  from  the 
earliest  development,  resulting  in  clear  evidence  that  in  some  instances  a  colony 
developed  from  a  single  si)ore  was  one  with  few  pycnidia ;  in  other  instances 
a  single  spore  produced  a  colony  of  many  pycnidia. 


Fio.  15. — Coniothyrium  Fuckclii  Sacc;  portions-of  two  colonies  showing  cir- 
cles of  pycnidia  near  margins. 

i'onluthitnum  Fuckclii  Sacc.  from  apple. 

In  one  instance  this  fungus,  which  rarely  fruited,  made  pycnidia  in  almost 
P«-rfc<*t  circles  near  the  margins  of  each  colony  on  the  plate.     (See  Fig.  15.) 

These  variations  are  inexplicable  and  remind  one  of  the  mysterious  change 
from  ascigerous  to  non-ascigerous  condition  so  frequently  met  in  life-history 
work  with  the  imperfect  fungi. 

Variability  in  Spore  Measurkment. 
Since    the    lieginning    of   mycology    it    has    been   customary    to    give    spore 
iiu'asurenients    in   sjiecific   description,    lu-ohably   originally   with    the   idea    of 
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giving  some  informatiou  as  to  the  approximate  size  of  the  plant  eonr^rned 
rather  than  to  give  exact  descriptive  limitations.  With  the  advance  of  time, 
great  importance  has  come  to  be  attaclied  to  spore  measurements — greater, 
perhaps,  than  is  warranted — and  many  species  are  now  founded  upon  diver- 
gence in  this  one  character,  and  often  upon  slight  divergence. 

To  ascertain  the  variability  in  spore  measurement  under  constant  con- 
ditions and  Its  variability  as  occasioned  by  change  in  environment,  studies  witb 
several  species  of  fungi  were  undertaken. 

The  measurements  were  all  nmde  in  water  in  which  the  spores  had  sh^**] 
long  enough  to  become  fully  turgid,  taking  only  such  spores  as  were  coiu 
pletely  ripe,  as  was  shown  by  the  fact  that  they  were  extruded  from  the 
pycnidium,  ascus,  or  sporodochium.  naturally,  without  assistance.  An  ey»* 
piece  micrometer  was  used  and  the  units  here  employtni  are  usually  tnu- 
division  of  the  eye-piece  scale.*  which  constituted  in  most  cases  as  small  :i 
unit  as  could  be  used  to  advantage.  Spore  measurements  involving  half  the 
division  were  recorded  as  with  the  next  lower  interval.  To  avoid  any  iw»s- 
sibllity  of  unconscious  selection,  the  spore  lying  closest  to  contact  with  the  end 
of  the  micrometer  scale  at  the  completion  of  a  measurement  was  taken  ft>r  thf 
next  measurement. 

In  the  polygons  each  small  square  (one  2o6th  of  a  square  inch)  rei»rt- 
sents  one  spore. 

We  wish  to  acknowledge  our  indebtedness  to  Dr.  G.  H.  Shull.  who  has  kindly 
read  this  portion  of  the  manuscript,  for  calculating  the  constants;  to  Mr. 
B.  B.  Iligglns.  by  whom  most  of  the  measurements  were  made  and  ui>on  who>^' 
very  accurate  and  painstaking  work  the  value  of  the  measurements  deiiends. 

AscocHYTA  Chrysanthemi  Stevens. 


A.  Spores 'from  the  large  pycnidixim 
type  (see  page  59). 

Pycnidium  No.  1.  A  large  pycnid- 
ium produced  in  a  colony  which  had 
very  few  pycnidia. 

M=  4.9645  ±0.0393 
<T=     .9787  ±0.0278 
C.  V.=19.714    ±0.581 

n=284 


Fig.  16. — Ascochyta  Chrymnihemi  Stewns. 
Polygon  of  spores  from  pycnidium  No.  1.  Ure*- 
I  ype.     :i  should  cover  20  squares  instead  of  25. 


'Division  equal  :i. 7  fx. 
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Pycnidium  No.  2.     Large  type. 
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Fir.,  17. — Aacochyta  Ckrysanthemi  Ste- 
vfiii.  Polygon  of  spores  from  pycnid- 
i  iin  .Vo.  2.  large  tj'pe. 


M=  4.4318  ±0.0398 
<r=     .9589  ±0.0281 
C.  V.=21.6:38   ±0.650 
n=254 

Pycnidium  No.  3.  From  a  plate  bearing 
one  large  colony.  The  whole  colony  was 
characteristically  one  of  few  pycnidia  which 
were  of  large  type  and  light  color.  The 
spores  were  obtained  without  any  possibility 
of  the  pycnidium  being  torn,  that  is,  they 
were  normally  ripe  spores. 


M=  3.3848  ±0.0245 
<r=     .6714  ±0.0173 
C.  V.=:19.836   ±0.531 
n=343 

It  is  seen  that  these  three 
-H-panite  pycnidia  of  the  same 
type  gave  modes  of  4.9645  ±0.- 
*>.««,  4.4318  ±0.0398,  and  3.- 
■i^48±  0.0245:  or.  expressed  in 
terms  of  the  systematist,  that 
in  the  three  pycnidia  the  spores 
HiPa^ured  11.1-29.6a*,  mostly 
1^.5/a;  11.1-25.9a*.  mostly  14.8A*; 
7.4--22.2A*,  mostly  11.1  A*;  show- 
ing tliat  measurements  from  one 
[•ymidium  alone  are  not  suffi- 
ri»»nt  for  reliable  characteriza- 
tion. 


Fig.  18. — Ascochyta  Chrysanthemi  Stevens.     Poly- 
gon of  spores  from  pycnidium  Xo.  3,  large  type. 
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B.     Spores  from  small  pycnidium  type  (Fij;.  14). 


Pycnidium  No.  4.     Small  type. 

M=  3.6011  ±0.0363 
o-=     .7183  ±0.0256 
C.V.=19.947   ±0.740 
n=178 
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Fig.  19. — Ascochyta  Chrysanihemi  St»*- 
vens.  Polygon  of  spores  from  pycnidr ir  i 
No.  4,  small  type. 


Pvcnidium  No.  5. 


Sfwres  taken  from  small 
pycnidium  colony  shown 
in  Fig.  14. 

M=  5.5850  ±0.04 14 
<r=  1.0737  ±0.02^:^ 
C.V.=19.225    ±0.54.H 
n=306 


Fig.    20. — Ascochyta   Chrysanthemi   Stevens.     Polygon   of 
spores  from  pycnidium  No.  5,  small  type. 


Pycnidium  No.  6.     A  very  small  pycnidial  type. 


M=  5.3629  ±0.0544 
(r=  1.2711  ±0.0385 
C.  V.-23.702   ±0.756 

/J--248 


Fir,.   21. — Ascochyta  Chrymnihtmi  Stevens.     Polygun 
>pores  from  pycnidium  No.  6. 
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Collecting  the  data  from  the 
large  pycnidium  type  in  one 
polygon,  and  similarly  with  the 
small  pycnidium  tjrpe,  we  have: 


M=  4.1935  ±0.0247 
<r=  1.0902  ±0.0174 
C.  V.=25.998   ±0.443 
n=889 


«  •>  -T  ^  VI  Q 

Fig.  22. — Aacochyta  ChrysarUhemi  Stevens.     Poly- 
son  of  spores  of  large  pycnidia. 


M=-  5.0379  ±0.0335 
o-=  1.3492  ±0.0237 
C.  V.=26.781    ±0.503 
n=738 

It  is  seen  that  there  is 
a  tendency  throughout 
for  the  smaller  pycnidia 
to  produce  lai^er  spores 
than  are  produced  by  the 
lan^^e  pycnidia. 


Fig.   23. — Afcochyla  ChrysarUhemi  Stevens.     Polygon  of 
spores  of  small  pycnidia. 
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C.     Measurements  of  spores  from  different  media. 


Pure  agar.  The  pycnidia  on  this  plate  were  very 
scant,  although  they  were  normal  in  appearance  and 
size. 

M=  2.6241  ±0.0313 
<r=     .5354  ±0.0221 
C.  V.=20.402   ±0.878 
n=135 
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Fio.  24. — AKOchyta  Cftrjy.?- 
anthemi  Stevens.  Polygon 
of  spores  from  pure  acar. 


Fig.  25. — Ascochyta  Chrysanthcmi  Stevens. 
Polygon  of  spores  from  cba  +0.25  per  cent 
sodmm  asparaginate. 


Cba -f  0.25   per    cent    sodium  aspa- 
raginate. 

M=  3.5637  ±0.0358 
(r=  0.7579  ±0.0253 
C.  V.=21.267    ±0.725 
7?=204 


M=  5.4267  ±0.0356 
a------     .7896  ±0.0251 

C.  V.=14.551    ±0.459 
n=225 
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Fig.  26. — Ascochvta  CJirysanthemi  Stevens. 
Polygon  of  spores  from  cba + sodium  asparag- 
inate+ starch. 
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Cba  4- 1  per  cent  glucose.  This 
was  a  remarkable  colony  with  spores 
distinctly  smoky  or  olivaceous. 

M=  5.1422  ±0.0408 
o-=     .9214  ±0.0289 
C.  V.=I7.9I9   ±0.579 
n=232 


Fig.  27. — Awochyta  Chryaanlhcmi  Stevens. 
Polygon  of  spores  from  cba+ sodium  asparaxi- 
nale+ glucose. 


Plated    thickly   in  4  per   cent    pea 
agar. 

M=  4.3246  ±0.0392 
<r=  I.0I38±  0.0277 
C.  V.=23.442   ±0.674 
71=350 


Fig.  28. — Ascockyta  ChrysarUhemi  Stevens. 
Polygon  of  spores  from  4  per  cent  pea  agar. 
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Fig.  29. — Axochyta  Chrysanthemi  Stevens. 
of  spores  from  cowpea  agar. 


3 

Polygon 


Cowpea  agar. 

M=  4.8657  ±0.0545 
<T=  1.1885  ±0.0386 
C.  V.=24.427   ±0.839 

77=214 


It  is  seen  that  on  these  different  media  the  mode  varies  materially,  being  low  on 
pure  agar,  higher  on  cba-f-sodium  asparaginate,  and  still  higher  when  glucose  or 
starch  is  added.  The  mode  is  high  also  in  natural  media,  such  as  pea  agar  and 
cowpea  agar. 
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In  the  terms  of  the  systematist,  spores  from  pure  agar  measured  7.4-14.8/*. 
mostly  11. If*;  those  from  cba-hsodium  asparaginate  7.4-25.9/*,  mostly  12.9/*. 

Septoria  Lycopersici  Speg.  of  Tomato. 


13 


Grown  on  apple  agar. 

M=21.507±  0.190 

<r=  4.686  ±0.135 

C.  V.=21.787±  0.655 

n=278 


Fig.  30. — Septoria  Lycopersici  Speg.   Poly- 
gon of  spores  on  apple  agar. 


■I 


Grown  on  pure  agar. 

M=31. 675  ±0.242 
<^=  5.879  ±0.171 
C.  V.=18.560±  0.559 
n=279 


46 


Fig.  31. — Septoria  Lycopersici  Speg.     Polygon  of 
spores  on  pure  agar. 
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Although  the  number  of  spores  measured  in  the  two  last  instances  is  not  laige, 
the  fact  of  a  tendency  to  larger  spores  on  the  poorer  medium,  apple  agar,  is  evident. 
The  spores  measured  33.6-133.2  ft,  mostly  81.4  f-,  those  on  pure  agar  48.1-181.3  /*, 
mostly  133.2  f*. 


ASCOSPORES   OF   SCLEROTINIA   LiBERTIANA  FuCKEL. 


Spores  were  dischaiiged  spontaneously  from 
the  disk  upon  the  cover  glass,  the  disk  be- 
ing of  middle  age. 

M=4.0880±  0.0166 
<r=0.2930±0.0117 
C.  V.=7.168  ±0.290 
n=142 
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3LS 


49 


Fig.  32. — Sclerotinia  Liberliana  Fckl. 
Polygon  of  ascospores  from  middle-aged 
disk. 
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Spores  were  secured   as   in   the  last    in- 
stance, but  from  very  young  disks. 


M=4.0393±  0.0214 
cr==0.3743±  0.0151 
C.  V.=9.267   ±0.380 
n=165 

No  material  difference  in  the  size  of  the 
spores  here  appeared  with  the  change  in  age 
of  the  disks. 


Fig.  33. — Sclerotinia  Libertiana  Fckl. 
P9lygon  of  spores  from  young  disk. 
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DiPLODiA  Macrospora  Earle. 

Spores    of   this   species,  isolated    from   com,   were 
grown  upon  pea  agar. 


M=24.362±  0.176 
0-=  3.179±0.124 
C.  V.=13.050±  0.519 
n=149 


Fio.  34. — Diplodia  mocro' 
spara  Earle.  Polygon  of 
.spores  isolated  from  com 
and  grown  upon  pea  agar; 
measurements  showing 
length. 


M=3.2595±  0.0136 
<r=  .2727  ±0.0096 
C.  V.=8.367   ±0.297 
n=183 


3 


a5 


Fig.  35. — Diplodia  mac- 
rospora Earle.  Polygon  of 
spores  isolated  from  com 
and  grown  upon  pea  agar; 
measurements  showing 
thickness. 


Fig.  36.— Vo/M/ri/a 
fructi  S.  and  H.  Pol- 
ygon of  spores  show- 
mg  width. 


VOLUTELLA  FRUCTI  S.  AND  H. 

M=8.27     ±0.0276 
<r=  .5778  ±0.0195 
C.  V.=6.986  ±0.237 
n=200 

The  last  five  polygons  are  without  particular 
significance  and  serve  only  to  show  the  variation 
encountered  in  these  forms. 


7         8         fi         10 

Fio.  37. —  Volutella  frucli  S.  and 
H.  Polygon  of  spores  .showing 
I  ength. 
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General  Consideratioivs. 

The  bearing  of  these  facts  iii)on  mycological  taxonomy  is  apparent.  If  a 
fungus  can  be  easily  changed  as  regards  its  essential  descriptive  characters 
by  a  change  in  substratum,  density  of  infection  or  other  environmental  factor, 
these  characters  are  worthless  for  descriptive  purposes,  unless  the  conditions 
under  which  they  develop  be  accurately  known. 

There  are  two  fundamental  requisites  of  benefits  from  description:  (1)  to 
enable  recognition  of  a  particular  forn;i;  (2)  to  aid  in  classification. 

The  first  of  these  is  necessary  preliminary  to  the  second,  and  it  is  with  mere 
recognition  that  we  have  in  many  instances  yet  to  deal  in  mycology,  particu- 
larly among  the  group  Fungi  imperfecti  with  its  enormous  genera,  such  as 
Septoria  and  Phyllosticta  and  Cercoapora  with  their  thousands  of  so-called 
species.  While  life-history  work  and  infection  experiments  will  do  much, 
accurate  recognition  of  the  form  in  hand  is  a  necessary  preliminary  even  to 
this. 

To  reach  any  satisfactory  basis,  many  fungi  must  be  studied  In  culture 
much  after  the  fashion  that  bacteria  are  now  studied. 
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CABVATIOV  ALTERVAEIOSE.' 


By  F.  L.  Stevenb  and  J.  G.  H\ll. 


To  a  leaf  and  stem  disease  of  the  cultivated  carnation,  Di<inthu8  CarophyU 
lus  L.,  our  attention  was  called  by  local  florists  as  causing  serious  damage. 
Tbe  disease,  upon  examination,  proved  to  be  one  hitherto  undescribed,  and  a 
laboratoiT  study  of  it  was  undertalcen.*  ^ 

SYMPTOMS. 

The  disease  manifests  itself  as  spots,  mostly  upon  the  leaves,  sometimes 
upon  the  stems,  especially  at  the  nodes.  These  spots  are  strikingly  charac- 
teristic, of  ashen  whiteness,  with  the  center  occupied  by  an  often  scanty, 
though  sometimes  profuse  black  fungous  growth.  The  diseased  spot  is  dry. 
somewhat  shrunken,  thinner  than  healthy  portions  of  the  leaf,  approximately 
circular,  though  often  somewhat  elongated  In  the  direction  of  the  longitudinal 
axis  of  the  leaf.  (Fig.  38.)  When  occurring  at  the  node,  the  disease  usually 
involves  the  bases  of  both  of  the  leaves,  as  well  as  the  stem  between  tbem. 
(Pig.  38,  2.)  As  these  nodal  spots  age  the  disease  penetrates  through  the 
stem,  killing  its  tissue,  which  shrinks  somewhat  and  becomes  soft  and  dis- 
integrated, resulting  in  death  of  the  more  distal  portions  of  the  plant. 

VABIETY  OF  CARNATIONS  AFFECTED. 

A  striking  feature  of  this  disease  is  its  tendency  to  infect  to  a  large  degree 
one  variety  of  plant,  the  Mrs.  Thomas  W.  Lawson.  to  the  exemption  of 
others.  In  all  cases  which  have  come  to  our  notice  it  has  been  this  variety 
solely  which  was  diseased ;  moreover,  the  only  records  that  we  find  of  the 
disease  imply  the  same  susceptibility." 

CAUSAL  n'NGUS. 

Throughout  the  diseased  tissue  of  all  si)ots  occurs  in  great  abundance  a 
characteristic,  dark,  branching,  septate  mycelium  (Fig.  40,  3).  The  surfaces 
of  diseased  spots  In  periods  later  than  their  earliest  youth  present  an  abundance 
of  black  cespitose  hyphae  arising  from  the  stomata  (Fig.  40,  4).  Spores  of  the 
Alternaria  tyi)e  are  found  in  abundance.  Figs.  40  (5)  and  40  (6),  both  i«  Mtu 
upon  these  hyphop,  and  strewn  over  the  surface  of  the  diseased  spots  be- 
tween the  hyphal  bases.  The  character  and  arrangement  of  the  hyphae  is 
shown  in  Figs.  40  (7)  and  40  (8).  This  fungus  was  constantly  associated 
with  the  disease,  and  no  other  fungus  was  found.  The  presumptive  evidence 
was  therefore  very  strong  that  this  fungus  was  the  cause  of  the  disease.  In 
view  of  the  often  saprophytic  habit  of  Alternaria,  conclusions  on  this  i^oiut 
would  not  be  valid  without  evidence  from  Inoculations. 


^Printed  in  the  Botanical  Gazette.  47,  No.  5,  May.  1909. 

«ThrouKh  the  kindness  of  Dr.  Orton,  U.  S.  Department  of  Agriculture,  we  learn  that  a  Macro- 
tporium  disease  of  carnation  was  reported  from  Strassburg.  Pa.,  in  1906,  and  one  attributed  to 
Alternaria  from  Connecticut  by  Clinton  in  the  same  year. 

•Orton.  Year-book  U.  S.  Dept.  Agr.,  1905,  p.  611. 
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Fio.  38. — (1)  Single  leaf  showing  diseased  spot  near  base.     (2)  Diseased  plant  showing  re- 
moval of  lower  leaves  by  the  gardener  in  his  etTorts  to  stop  the  progress  of  the  disease. 


Digitized  by  LjOOQIC 


74  THIRTY-SECOND  ANNUAL  REPORT,  1900. 

INOCULATIONS. 

The  fuiigus  was  easily  isolated  by  direct  transfer  of  spores  from  the  dis- 
eased spots  to  carnation  leaf  agar  plates. 

On  October  27  numerous  inoculations  were  made  upon  two  plants  under 
bell  jars,  using  small  pieces  of  agar,  bearing  spores  and  mycelium.  One 
of  the  plants  was  left  uninjured  and  the  inoculum  was  placed  In  the  axils 
of  the  leaves;  in  the  majority  of  these  cases  the  inoculations  resulted  \u  in- 
fection.    The  other  plant  was  injured  by  the  prick  of  a  needle  at  the  i>oint 


Fio.  40. — (3)  Mycelium  showing  branching  and  septation.  (4)  Showing  mycelium  below 
stoma  and  hyphse  emerging  through  the  stoma.  (5)  Showing  catenulate  spores  as  borne  upon 
hyphae.  (0)  i^pores  showing  shape,  septation  and  catenulation.  (7)  A  young  cluster  of  hypnv. 
(8)  An  older  cluster  of  hyphw. 

of  inoculation.  In  these  cases  about  two-thirds  *of  the  inoculations  were  suc- 
cessful. Inoculations  with  spore  suspension  were  also  made  upon  five  branches 
each,  of  two  other  plants,  and  each  was  covered  by  a  large  test  tube  plu^^^ed 
around  the  stem  with  cotton  to  preserve  a  humid  atmosphere.  As  In  ihe 
former  cases,  the  inoculations  on  one  plant  were  at  injured  points  and  those 
on  the  other  plant  were  at  uninjured  points.  The  results  from  these  s^>ore 
inoculations  were  the  same  as  in  the  cases  of  inoculations  with  agar  blocks. 
When  tlitsc  inoculations  were  made,  others  were  made  upon  six  other  pinuts 
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from  the  same  spore  suspension,  b\it  the  plants  were  not  covered  or  injured 
in  any  way.  Following  these  last  inoculations  no  signs  of  the  disease  were 
seen.  It  seems  from  these  experiments  that  the  injured  plant  is  readily 
susceptible  to  Infection,  as  is  also  the  uninjured  plant  if  kept  In  humid  con- 
dition, but  that  the  uninjured  plant  in  a  relatively  dry  atmosphere  is  difficult 
or  impossible  of  infection.  In  case  of  successful  inoculation  the  diseased 
siKits  were  well  developed  at  the  end  of  a  week.  The  removal  of  the  protecting 
bell  Jar  from  plants  already  Infected  resulted,  usually,  in  cessation  of  develop- 
ment of  the  spot.  These  facts  agree  well  with  the  field  observation  that 
the  most  damaging  infection  occurs  at  the  leaf  axils,  points  well  adapted 
to  collect  and  hold  water,  thus  providing  conditions  for  optimum  develop- 
ment of  the  fungus. 

CULTURE  CHAKACTERS. 

The  fungus  was  grown  upon  many  different  media.  Its  characters  upon 
these  media  have  been  noted  elsewhere.*  The  most  important  culture  charac- 
ters may  be  summarized  as  follows : 

T;iK>n  media  poor  in  available  carbohydrates  the  mycelium  was  nearly 
hyaline  and  the  hyphae  and  siwres  pale;  upon  media  rich  in  carbohydrates 
mycelium,  hyphse  and  spore  were  very  dark,  t'pon  the  natural  medium  the 
si)ore8  were  more  regular  and  uniform  in  shape  and  were  much  larger  than 
uijou  artificial  media. 

SPECIES   OF   THE   FUNGUS. 

Of  the  Alternarias  there  seems  to  be  only  one,  A,  longispora  McAlph,  grow- 
ing upon  members  of  the  pink  family  {Caryophyllacew) ,  (Sacc.  Syll.  Fung., 
1S:638),  and  the  description  of  this  does  not  agree  with  ours  In  size,  shape, 
or  septatiou  of  its  spores. 

Therefore,  unless  an  attempt  be  made  to  identify  this  form  with  some  one 
of  the  seven  or  more  species  of  Macrosporium  infecting  the  pink  family — a 
procedure  which  would  be  unjustifiable  without  resort  to  cross-culture  inocu- 
lations and  extensive  study  in  artificial  media — this  form  had  best  be  desig- 
nated as  a  distinct  species,  for  which  we  propose  the  following  name  and 
description : 

AUemaria  Dianthi  n.  pp. 

Uj-phse  cespitose  from  stomata,  amphlgenous,  dark  brown,  1-4  septate, 
ascending,  1-25  from  each  stoma;  conidia  26-123  x  10-20/*  catenulate,  clavate, 
tapering  to  pedicul,  base  obtuse,  dark  brown,  transverse  septa  5-9,  longitudinal 
septa  0-5. 

Spot  ashen  white  definite,  subcircular. 

On  artificial  media  poor  In  carbohydrates  color  of  mycelium  and  spores 
lighter,  smaller  and  with  fewer  septa. 

Habitat:    Living  leaves  and  stems  of  DianthuH  CarophyUm,  Raleigh,  N.  C. 


aStevens  and  Hall,  Variation  in  Fungi  Due  to  Environment,  Bot.  Gaz.  48,  July,  1609. 
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HTP0CHH08E  OF  P0MACE0U8  FBTTITS.' 


By  F.  L.  Stevens  and  J.  G.  Hall. 


A  disease  which  from  its  most  prominent  symptoms  may  popularly  well  W 
called  the  leaf  hlight  and  which  may  technically  be  designated  as  Hypochme, 
has  been  under  observation  and  study  by  the  authors  several  years,  as  affect- 
ing the  apple,  pear,  and  quince.  During  this  time  it  has  been  frequently  re- 
ferred to  the  Experiment  Station  for  diagnosis  and  treatment,  and  it  seems 
to  be  one  of  the  worst  diseases  occurring  on  neglected  trees  in  the  humid 
portions  of  the  State. 


Fio.  41. — Sclerotia  and  rhizomorphic 
mycelium  upon  apple  twigs;  natural  size. 

SYMPTOMS. 

Viewed  from  some  distance,  trees  in  early  stages  of  Hypochnose  apr^ar 
much  as  do  trees  affected  with  the  ordinary  fire  blight  (Bacillose)  caused  bj 
Bacillus   amylovorua    (Burrill)    De  Toni,   that   is,   the  leaves   on  mimen^^s 
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twigs  throughout  the  trees  are  dead.  Differing  from  Bacillose,  however,  the 
leaves  instead  of  standing  erect,  usually  droop,  hanging  down  In  dense, 
matted  masses.  The  affection,  too,  is  limited  to  the  leaves,  the  twigs  them- 
selves not  dying  as  in  the  case  of  Bacillose.  The  resemblance  is  very  strilt- 
ing.  and  to  the  casual  observer  Hypochnosc  would  doubtless  pass  for  the  wide- 
spread, well-ltnown  "fire  blight." 

In  later  stages  of  the  disease  most  of  the  affected  leaves  fall  away  and  the 
similarity  to  Bacillose  disappears,  the  tree  now  attracting  attention  chiefly 
by  its  scant  equipment  of  leaves.  Closer  inspection  of  the  twigs  with  the 
affected  leaves  shows  each  of  them  to  bear  two  characteristic  structures : 


Fio.  42. — Sclerotia  on  apple  twigs,  enlarged. 


1.  Roundish  or  oblong  sclerotia,  usually  3  or  4  mm.  in  diameter,  which 
are  clearly  shown  on  the  left-hand  branch  in  Fig.  41,  and  somewhat  enlarged 
in  Fig.  42. 

2.  Mycelial  ribbons,  rhizomorphic  structures  extending  lengthwise  of  the 
twigs  and  petioles.     (Fig.  43.) 

The  sclerotia  originate  as  white  masses  of  interwoven  mycelium,  which 
when  mature  become  rich  chestnut  brown  in  color.  They  are  formed  in 
great  abundance  upon  the  twigs  of  the  current  year,  especially  upon  the 
lower,  shaded,  damp  side,  but  very  sparingly  or  not  at  all  upon  the  petioles 
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or  leaves.  On  two-year-old  twigs  the  sclerotla  are  darker  In  color,  shriveled 
and  sometimes  cracked,  and  it  Is  doubtful  If  they  live  longer  than  through 
the  summer  following  their  origin.  L'l^pn  badly  affected  trees  it  is  possible 
to  find  sderotia  upon  older  twigs,  two,  three,  four,  or  five  years  old,  the  siz^ 
of  the  scierotia  being  diminished  by  waste,  shrinking,  and  weathering,  with 
the  age  of  the  wood  upon  which  they  rest.  Scierotia  are  sometimes  foumi 
upon  fruit,^  though  much  less  frequently  than  upon  twigs. 


Fkj.  4  5. — Rhizomarpliic  mycelium  upon  apple  twigs  and  petioles;  weft 
of  rtoccjse  mycelium  on  interior  surtace  of  leaf. 

Tlie  inyceliiil  rhizomori)liic  structures  when  young  are  white,  hut  as  tliey 
age  tliey  rapidly  assume  a  charactoristic  glistening  brown  api)earance.  They 
extend  in  a  general  longitudinal  direction,  and  usually  remain  unbranched  be- 
tw(H*n  the  nodes,  though  they  sometimes  branch  and  anastomose,  fonninL^ 
a  small  plexus.  Occasionally  branches  diverge  to  courses  leading  around  the 
twig.  At  the  base  of  each  small  twig  the  ribbon  usually  branches,  a  portion 
of  it  passing  onto  the  smaller  twig. 

Branches   of   tlicst*   mycelial   ribbons   also   follow   up   the   petioles   and  th^ 


main   veins   of   the   leaves,   eventually   spreading   out,   s^pa^ 
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mycelial  threads  and  becoming  lost  to  the  naked  eye.  The  mycelial  ribbons 
on  the  older  wood  die  and  often  weather  away,  though  they  adliere  with 
considerable  persistence. 


Fig.  44. — Apple  twig  showing  characteristic  matting  of  dead  leaves  lield 
together  bv  dense  growtii  of  mycelium;  twigs  and  leaves  densely  covered  by  my- 
celium and  sclerotia. 

I'poii  the  under  surface  of  affected  leaves  may  be  found  usually  a  more 
or  les«  dense  reticulum  of  mycelial  threads.  In  some  instances  this  weft  con- 
sists of  a  dense  mat  of  threads,  white  or  fuscous  according  to  their  age  (Fig. 
43.  lower  left-hand  leaf),  in  other  cases  the  network  may  be  so  sparse  as  to  be 
imi>erceptible  to  the  naked  eye.  Digitized  by  ^^UUy  It: 
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In  all  eases  there  is  organic  connection  between  this  network  on  the  leaf 
and  the  mycelial  ribbons  traversing  the  petiole.  These  ribbons  are  seen 
under  the  microscope  to  fray  out  and  become  dissipated  over  the  under  leaf 
surface. 

The  organic  connection  between  the  retie^tlUin  on  tM  leaves,  the  mycelial 
rhizomorphic  strands,  and  the  sclerotia  is  established  clearly  and  beyond 
doubt. 

In  some  cases,  comparatively  rare,  the  weft  on  the  lower  surface  of  the  leaf 
takes  on  more  even  texture,  different  from  the  tangled  heaps  more  often 
found.  In  this  condition  the  weft  can  be  stripped  from  the  leaf  like  a  fal^e 
epidermis.    This  Is  the  sporogenous  part  of  the  fungus. 

The  twigs  bearing  the  fungus  do  not  die  from  its  presence.  They  seem  to  be 
Injured  only  indirectly  through  the  effect  of  the  fungus  upon  the  leaves. 

Leaves  bearing  the  fungus  turn  brown  and  die.  Since  they  droop  in  dying, 
they  thus  often  come  in  contact  with  other  leaves  and  the  fungus  is  afforded 
a  ready  means  of  migration  to  the  new  victim,  which  In  turn  rapidly  suc- 
cumbs. If  humid  conditions  prevail,  the  fungus  grows  with  great  rapidity  and 
vigor  l)etween  the  matted  masses  of  leaves,  thus  resulting  in  fastening  tlie 
dead  leaves  somewhat  firmly  together  and  furnishing  one  of  the  distinguish* 
Ing  characteristics  of  the  disease.     (Fig.  44.) 


FUNGUS. 

The  mycelial  ribbons,  which  may  be  termed  the  migratory  mycelium,  to  tlisi- 
tinguish  it  from  the  vegetative  and  fructifying  mycelium,  consist  of  more  or 
less  parallel  mycelial  threads  very  uniform  in  diameter,  at>out  5.8  f*.  ccim- 
paratlvely  thick,  walled  and  rigid,  of  characteristic  glistening,  smooth  sur- 
face, white  when  young,  tawny  or  buff  when  old,  and  nearly  or  quite  devoiil 
of  protoplasmic  contents.  These  threads  are  septate  at  intervals  of  about 
40-120  fJi.  and  branch  rather  infreciuently.  The  branches  originate  usually  at 
right  angles  to  this  mother  strand,  but  almost  immediately  bend  to  assume 
a  direction  parallel  to  the  main  ribbon.    No  clamp  connections  were  seen. 

A  section  of  the  sclerotia  reveals  them  as  compactly  woven  masses  of  swol- 
len irregular  hyphie.  They  are  entirely  devoid  of  any  special  epidermal 
structure,  false  epidermis,  or  rind,  the  peripheral  structure  being  identic:^' 
with  that  of  the  interior. 

The  sporogenous  reticulum  is  of  very 
close,  irregular  mesh  of  hyphce  of  vaiyinp 
thickness,  readily  distinguished  from  the 
migratory  mycelium,  a  single  thread  of 
which  is  occasionally  seen  across  the  field, 
by  Its  thinner  wall,  greater  irregularity  of 
shape  and  size,  and  by  its  richness  of  pro- 
toi)lasmic  content.  Arising  from  the  hyplue 
of  this  reticulum  are  numerous  thickeneil 
swollen  branches  which  prove  to  be  the 
basldia,  bearing  four  slender  sterigmata 
which  bear  the  four  spores.     (Fig.  43.) 

The  spores  are  oblong,  slightly  flattened  on  the  side  adjacent  to  the  <>>oh 
panlon  spore  and  taper  slightly  at  each  end.    They  are  very  uniform  In  ^'izt. 
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4.7  -  5.8  X  10.5  - 11.6  fA.  Of  thirty  -  eight  spoi'es  niensured.  thirty  were  of  the 
larger  dimension  given  and  eight  of  the  smaller  dimension. 

When  stored  in  humid  atmosphere,  as  in  a  culture  dish,  for  a  day  or  so, 
the  fungus  grows  luxuriantly,  producing  great  quantities  of  cotton-like 
mycelium.  (Fig.  44.)  The  fungus  was  seen  to  spread  1  cm.  in  every  direction 
from  the  point  of  contact  In  two  and  one-half  days,  when  leaves  bearing  the 
fungus  in  this  vigorous  vegetative  condition  were  placed  In  contact  with 
healthy  leaves  in  the  moist  chamber.  Specimens  wrapped  to  mail,  when  wet 
from  rain,  produced  voluminous  growth  in  forty-eight  hours,  many  leaves 
becoming  matted  together,  others  becoming  completely  covered  with  the  cotton- 
like mycelium  and  fringed  on  the  edge  with  a  border  of  mycelium  reaching 
out  for  more  victims. 

The  development  of  the  fungus  in  early  spring  has  not  been  studied,  but 
it  Is  clear  that  the  sclerotla  are  hibernating  structures  and  that  In  spring 
they  serve  as  the  initial  points  for  new  invasion.  The  spread  of  the  fungus 
from  point  to  point  is  chiefly  by  means  of  the  rhizomorphic  structures,  which 
serve  the  purpose  so  admirably  that  by  midsummer  the  uppermost  buds  are 
reached  and  already  overlaid  by  sclerotla  ready  to  carry  on  the  invasion  again 
another  season.  The  work  of  the  sclerotla  is  so  completely  done  that  rarely, 
if  ever,  does  the  parasite  allow  the  escape  of  any  of  the  branches  originating 
from  a  twig  upon  which  the  fungus  has  established  itself.  Unless  saved  by 
outside  aid,  to  be  once  Infected  is  to  be  always  infected. 

A  beautiful  adaptation  is  noted  in  that  the  formation  of  sclerotla  is 
abandoned  on  leaves  where  they  would  be  of  but  minor  importance,  perhaps 
of  no  use  at  all,  and  is  carried  to  a  maximum  upon  twigs,  particularly  the 
most  distal  ends  of  the  twigs,  where  they  are  of  maximum  utility  in  the 
perpetuation  of  the  species. 

The  perfection  of  vegetative  methods  of  reproduction  has  lessened  the  value 
or  necessity  of  spore  formation,  a  fact  which  perhaps  explains  the  comparative 
rnrlty  of  fructification  In  this  fungus.  * 

THE  FUNGUS   IN    NORTH    AMEBICA. 

"While  the  spore-bearing  structures  of  this  fungus  were  not  seen,  and  con- 
se*iuently  Its  classification  was  not  known  in  America  until  1907,*  its  sclerotla 
and  rhizomorphic  structures  have  several  times  come  to  the  attention  of 
mycologists  In  the  United  States.  Thus  Atkinson  writes  us  that  he  believes 
he  had  the  same  thing  sent  him  when  he  was  connected  with  the  Alabama 
Station. 

Burt  writes  In  private  letter  that  the  sclerotla  were  known  to  him,  but 
he  did  not  receive  the  fructification.  He  also  states  that  specimens  of  the 
fjclerotlal  stage  have  been  referred  to  him  on  living  twigs  of  apple,  and  on 
l»ertr  twigs. 

Farlow  says  that  sterile  parts  of  the  fungus  have  several  times  been  re- 
ferred to  him.  The  sterile  parts  of  this  fungus  and  the  destructive  effects  of 
it  were  noted  by  Quaintance  with  photographs  and  with  the  statement*  that 
the  fungus  is  known  in  Florida  and  Georgia,  and  that  in  one  case  it  consti- 
tuted for  several  years  the  most  destructive  fungus  In  the  orchard. 

»?iTEVKN»,  Two  Interesting  Apple  Fungi,  Science,  n.  s.  27,  p.  724. 

»Ga.  Sta..  13th  Rpt..  1901,  p.  359.  r^^^r^T^ 
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Earle  states  In  private  communication  tliat  the  fungus  was  sent  to  the  Ala- 
bama Station  several  times  from  Florida  and  Georgia  while  he  was  connected 
with  it. 

What  was  probably  the  same  fungus  was  also  mentioned  by  Sheldon  as 
occurring  upon  apple,  pear,  and  plum  twigs,  and  by  hearsay  upon  currant, 
gooseberry,  and  cherry  in  West  Virginia.' 

Collections  In  North  Carolina  have  been  made  on  the  apple  at  Horseshoe. 
Addie,  Franklin,  Hayesvllle,  Marshall,  Murphy,  Robbinsville,  Sylva.  Brysuu 
City,  Fatima,  Newton,  Eufola,  Mount  Airy,  Spruce  Pine,  Rutherfordton,  Chim- 
ney Rock ;  on  the  pear  at  Sylva,  and  on  the  quince  at  Horseshoe. 

Collections  of  spore-bearing  material  were  made  at  Mount  Airy,  Spruce  Pnie. 
and  near  Rutherfordton. 

iDENxrry  of  the  FrNovs. 

This  fungus  in  all  of  its  remarkable  characters  agrees  with  the  description 
of  Hypochnus  ochroleucus  Noack,*  published  by  Xoack  as  Hypochnopm,  a 
fungus  which  was  found  by  Noack  in  the  State  of  Miuas  Geraes,  Brazil, 
on  apple  and  quince  trees,  and  which  was  supposed  to  be  the  cause  of  a  dis- 
eased condition  of  the  leaves.  Noack  says  in  part  that  the  apple  trees  and 
quinces  attacked  by  this  fungus  were  brought  to  his  attention  by  the  dryness 
of  many  leaves.  "Examined  more  closely,  one  sees  line,  shining  strands,  white 
or  ochre  color,  on  the  branches,  often  in  spiral  or  elongated  spiral  lines. 
They  approach  the  pedicels  of  the  leaves,  follow  up  the  same,  spread  over 
and  cover  the  lower  side  of  the  leaves  with  a  very  fine  net  of  hyphae.  A 
few  of  these  hyaline  hyphce  end  in  corrolloid  branches  fastened  strongly  to 
the  skin  of  the  leaf  and  serve,  doubtless,  for  the  purpose  of  attaching  the 
fungus  to  it.  ♦  ♦  ♦  The  attacked  leaves  wilt  and  dry  altogether,  but  they 
can  remain  on  the  trees  a  long  time,  adhering  together  in  a  confused  mass, 
attached  to  the  branches  mainly  by  the  tenacious  threads  of  the  mycelium. 
♦  ♦  •  Unfortunately,  we  are  lacking  its  fructification,  and  for  that  reason 
its  classification  is  doubtful.  But  we  can  find  a  very  similar  fungus  belong- 
ing to  the  family  of  Hypochnaceae  in  the  forest  around  Campinas,  and  there- 
fore we  call  it  provisionally  our  Unknown  Hypochnopsis" 

While  it  has  been  impossible  to  find  specimens  of  Xoack's  fungus  in  any 
of  the  Brazilian  or  European  herbaria,  there  seems  to  be  no  doubt  of  it* 
identity  with  the  form  under  discussion. 

DISTRIBUTION. 

Tills  disease  prevails  generally  throughout  the  mountain  section  of  Nortli 
Carolina ;  and  that  it  Is  not  limited  to  the  mountains  is  shown  by  the  fact 
that  specimens  have  been  sent  to  us  from  the  coastal  plain  region  with  com- 
plaints of  damage.  (Fig.  46.)  From  the  observations  of  Atkinson,  Earle. 
Quaintance,  and  Sheldon,  Its  presence  is  known  in  the  mountains  of  We<t 
Virginia  and  in  Alabama,  while  the  observations  of  Farlow  and  Burt  indicate 
its  much  more  widespread  existence. 

»W.  Va.  Sta.  Rpt..  1905-06,  p.  31. 
•Saccardo,  SylloKe  FunKorum,  16,  p.  197. 

BBoletim  do  Instituto  ACTonomico  do  estado  de  Sao  Paulo  Em  Campinas.  9.  1898.  Marco 
Numero  1,  Sao  Paulo,  Brazil. 
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Our  own  observation,  agreeing  with  those  of  Noaclc  in  Brazil,  sliow  the  dis- 
ease to  occur  with  much  greater  destructiveness  in  humid  localities,  such  as 
the  mountain  valleys  where  the  dew  is  excessive  and  morning  fogs  prevail, 
and  It  seems  probable  that  this  disease  is  of  wide  distribution  where  these 
coDditions  nhtnin. 


■.y-'st>.-,^ 


Fig.  46. — Map  of  North  Carolina;  shaded  counties  are  those  in  which  disease  occurs. 
PROPHYLAXIS. 

The  fungus,  wintering  in  a  purely  superficial  manner  upon  the  twigs  and 
depending  to  but  a  slight  degree  upon  spores,  will  probably  give  way  to  thor- 
ough spring  sprayings.  The  fact  that  the  disease  has  not  been  noted  upon 
sprayed  orchards  indicates  the  efficiency  of  such  treatment. 

PARASITISM   OF  HYPOCHNUS  AND  CORTICIUM. 

These  genera,  which  are  difficult  to  separate  and  which  by  many  are  consid- 
ered as  identical,  are  in  the  main  saprophytes,  yet  several  cases  of  parasitism 
have  been  attributed  to  them.  Among  the  parasitic  forms  Frank*  in  1895  rec- 
(kgnlzed  only  two  as  belonging  to  the  genus  Hypochnus,  viz.,  H.  Solani  P.  &  D., 
noted  on  potatoes  as  early  as  1801/  and  H,  cuoumeria  Frank,*  which  was  noted 
as  the  cause  of  a  cucumber  disease  In  1883  and  later  on  lupine  and  clover. 
H.  fllamentMHS  Pat.  has  since  been  described  as  growing  upon  live  leaves  of 
(^aryophyUaccfr  and  Amaryllidacew  in  Quito,  and  Eustace  has  recently  dis- 
cussed a  spe<»ies  of  Hypochnus  as  causing  a  decay  of  stored  apples.' 

H.  Oardenict,  Zlmm.,  described  by  Zimmerman,**  closely  resembles  the 
species  In  hand  la  the  formation  of  rlbbon-llke  strands  on  the  twigs,  which 
then  extend  to  the  lower  sides  of  the  leaves  and  develop  a  sporogenous  layer; 
also  in  the  structure  of  its  fruiting  riortlon. 

//.  Hellrbori  Rostr.  Is  noted  as  a  parasite  upon  Helleborua  niger  by  Ros- 
irup." 

H.  fvciformis  (Berk.)  McAlp.  grows  parasltlcally  upon  Australian  grasses 
in  very  destructive  form." 

In  the  genus  Corticium  as  parasites  we  find  the  following : 

C.  con/luens  Fries,  noted  by  Jaczewskl  as  a  faculatlve  parasite  preying  upon 
f'aragatui.^ 

•Die  Knnkbeiten  der  Pflanzen.  2.  p.  219. 

•Soc.Myc.  Fr.8.p.221. 

•Hedwi«ial8.p.  127. 

»N.  Y.  SU.  BuL  235. 

"Cenlbl.  Bakt.  II.  7.  p.  102.  ^^  , 

uztschr.  Pflanzenkrank,  9. p.  47.  m^ti^o^  k,, (  -.OOQ  P 

"Ann.  Mycol..  4,  p.  541.     ilcAlplne.  A  New  Hymenomycete.  digitized  by  Vji^U V IV^ 

^ttchr.  Pfianzenkrank.  10.  p.  341. 
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C.  vagnm  B.  &  C.  var.  solani,  which  has  been  identified  by  Rolfe  as  the 
fruiting  form  of  Rhizoctonia.^* 

C.  javanicum  (P.  Henn.)  Sacc.  &  Syd.  on  Coffca,  Thea,  Bixa,  described  as 
the  cause  of  disease  by  Zimmerman." 

Associated  with  this  fungus  are  sclerotia,  probably  genetically  connected 
with  it.  Disease  caused  by  the  fungus  upon  a  large  number  of  other  plants 
Is  mentioned  by  Zehntner." 

C.  dendriticiim  P.  Henn.  is  noted  by  Hennings"  as  a  parasite  ou  orange 
stems.  • 


Fig.  47. — Quince_branch  and  single  leaf,  showing 
sclerotia  and  mycelial  ^masses. 

ADDENDUM. 

Since  the  preparation  of  the  above  article  this  fungus  has  come  to  our 
attention  upon  two  new  hosts,  and  collections  on  old  hosts  have  been  juade 
in  several  new  localities,  as  is  indicated  on  next  page. 


"Col.  Sta.  Bui.  91. 
"Centbl.  Bakt.  II,  7.  p.  102. 
I'Ztschr.  Pflanzenkrank.  18,  p.  45. 
»»Centbl.  Bakt.  II,  9,  p.  939. 
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On  Apple. 

Robblnsville    August    6,  1909 F.  L.  Stevens. 

Murpliy    August    9,  1909 F.  L.  Stevens. 

Hayesville August  10,  1909 F.  L.  Stevens. 

Eulalie  August  14,  1909 F.  L.  Stevens. 

I>eice.*<ter  July       17,  1909 B.  B.  Higglna. 

On  Quince.     (Fig.  47.) 

Eulalie    August  14,  1909 F.   L.  Stevens. 

On  Snowball  (Vibernum). 

Eulalie   August  14,  1909 F.  L.  Stevens. 


Eulalie 


On  Lilac  (Syrin^a  vulgaris). 
August  14,  1909 F.  L.  Stevens. 


In  many  sections  of  Western  North  Carolina  the  fungus  was  so  prevalent 

as  to  be  found  on  nearly  every  tree  seen,  and 
whenever  present  the  disease  was  always  of 
extremely  destructive  character,  resulting  early 
in  complete  defoliation. 
The  fungus  on  the  Snowball  {Vihernum)  : 
Only  one  collection  was  made  on  this  host 
(though  what  was  supposed  to  be  the  same  was 
glimpsed  on  other  occasions),  and.  then  in  a 
valley  where  the  fungus  grows  with  especial 
luxuriance  upon  its  more  usual  hosts.  The  dis- 
ease caused  upon  this  host  agrees  in  every 
particular  with  that  upon  the  apple,  except  that 
as  the  leaf  collapse?  under  th^  attack  of  the 
fungus  the  mycelium  accumulates  in  much  more 
dense  masses  upon  the  under  surface  of  the 
leaf.  (Fig.  48.)  This  difference  in  habit  may 
be  due  to  the  thinner  texture  of  the  leaf  which 

allows  It  to  fall  into  folds,  thus  producing  regions  of  especial  moisture  and 

foruiing  more  vigorous  growth  of  mycelium. 

Fungus  on  Lilac  {Syringa  vulgaris)  : 

Onlj'  one  collection  was  made  upon  this  host,  and  this  in  the  same  yard 
where  the  fungus  was  found  ui)on  apple,  quince,  and  snowball.  The  characters 
of  disease  produced  were  almost  identical  with  those  ui>on  the  apple.  No  such 
<levelopuient  of  lo<i«e  mycelium  appeared  as  upon  the  snowball,  probably 
owing  to  the  stiffness  of  the  leaf. 


Fio.  48. — Leaf  of  Snowball 
showins  white  masses  >of  myce- 
lium. 
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HEW  FIG  AHTHBACN08E'  (C0LLET0TBICH08E). 


By  F.  L.  Stevens  and  J.  G.  Hall. 


A  fig  disease,  the  chief  symptoms  consisting  of  rotting  and  premature  fall 
of  the  fruit,  has  come  to  our  attention  from  the  eastern  part  of  North  Caro- 
lina. The  disease  begins  before  the  fruit  commences  to  ripen,  as  small  si)eck8 
of  rot  on  the  fruit  surface.  Such  rotten  specks  are  usually  very  numerous, 
from  five  to  thirty-five  or  more  on  each  fig.  The  spots  are  soft,  watery  in 
appearance  and  definitely  bordered.     At  their  centers  they  are  brownish  and 


Fig.  49. — A  single  fig  somewhat  enlarged,  showing  white  floccose  mycelium 
around  and  over  the  spots. 

slightly  sunken.  The  spots  enlarge  rapidly  and  very  soon  the  central  region 
of  each  is  occupied  by  numerous  small,  moist,  pinkish  to  salmon  colored 
pustules,  each  less  than  a  millimeter  in  diameter. 

The  affected  fig  rapidly  assumes  a  rotten  appearance,  loses  its  firmness,  be- 
comes watery,  shrivels,  and  is  soon  almost  entirely  covered  with  the  spore- 
bearing  pustules.  If  under  humid  conditions,  the  spots  become  bordered  and 
covered  with  a  more  or  less  dense  growth  of  aerial,  floccose,  white  hyi^**** 
which  are  sometimes  so  abundant  as  to  produce  a  dense  mat  either  over  or 
surrounding  the  spot.    This  condition  is  shown  in  Fig.  49  somewhat  enlarged. 


^Presented  at  the  December  Meeting.  1908.  of  the  A.  A.  A.  S.    Published  in  part  In  Zeilschrift f . 
Pfianzenkrankheiten  19,  p.  65. 
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In    later  stages  of  decay  the  fig  is  usually  Invaded  by  a  large  number  of 
sjiprophytlc  fungi,  usually  predominated  by  dark  green  or  black. 

The  fruit  usually  falls  early  In  the  decay.  The  disease  prevails  to  such 
an  extent  that  an  affected  bush  may  fail  each  year  to  mature  its  fruit,  though 
setting  fruit  in  abundance.  The  leaves  of  the  affected  bushes  are  also  often 
diseased,  turning  brown,  shriveling  at  the  edges,  and  dying.  The  rot  resem- 
bles that  of  the  apple  (Olomerellose)  and  the  spots  in  a  general  way  resemble 
the  disease  spots  of  the  cotton  anthracnose  (CoUetotrichose)  or  that  of  the 
l»«»nn  or  watermelon. 


Fio.  50. — Showing  mycelium,  septal  ion,  branching 
and  spores  formation. 


CAUSAL  FUNGUS. 

The  diseased  spots  upon  the  fruit  are  always  occupied  by  a  species  of  Col- 
Irtotrichum,  which  from  the  abundance  of  its  spores  seen  en  masse  gives  the 
pinkish  color  to  the  center  of  the  disease  spots. 

The  mycelium  is  slender  (1.5  to  6  mu. 
in  diameter),  hyaline,  much  branched 
and  sparingly  septate.  The  branches  in 
.artificial  culture  arise  at  almost  right 
angles  from  the  parent  branch  (Fig.  50). 
The  characteristic,  greenish  black  ap-  • 
pressoria  of  the  anthracnoses  are  found. 
The  small,  numerous  hemispherical 
acervuli  are  brown  to  black  until  that 
color  Is  obscured  by  the  pinkish  spores. 
The  setae  (Fig.  51),  which  may  number  from  one  to  twelve,  or  which  in 
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Fio.  51. — Portion  of  an  acerA'ulus  show- 
inc  conidia.  conidiophores  and  setae. 
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many  instances  are  entirely  absent,  are  long,  irregrular,  slender,  tapering  to- 
ward an  acute  point    They  are  dark  colored  throughout  rigid,  septate. 

The  spores  are  regular,  oblong,  continuous  with  obtuse  ends,  borne  upon 
slender  hyaline  conidiophores.  The  spores  germinate  very  readily  in  almost 
any  medium,  sending  out  from  one  to  three  germination  tubes  each. 

The  fungus  was  very  readily  isolated  by  planting  a  suspension  of  spores  from 
figs,  as  they  came  into  the  laboratory,  in  4  per  cent  pea  agar.  These  cultures 
produced  great  quantities  of  acervuli,  from  which,  by  rei>latiug,  characteristic 
pure  cultures  were  obtained.  These  were  used  for  inoculations  in  both  lalH»ra- 
tory  and  field. 

IXOCUULTIONS. 

In  the  laboratory  two  methods  of  inoculation  were  followed :  1.  Spores  were 
rubbed  upon  the  surface  of  the  fruit.  2.  The  fruit  was  pricked  with  a  sterile 
needle  and  the  spores  introduced  into  the  Injured  spot.  In  both  cases  rlie 
spots  characteristic  of  the  disease  were  produced  a  day  or  two  later,  the  fruit 
being  kept  in  a  culture  chamber. 

In  the  field  a  suspension  of  spores  in  water  was  sprayed  upon  a  bush  in 
fruit  Fifteen  or  twenty  daj's  afterward  no  indication  of  infection  was  ai>- 
parent,  but  specimens  showing  no  lesions  when  placed  in  sterile  culture  dishes 
in  the  laboratory,  developed  Colletotrichose  after  a  few  days  in  great  abun- 
dance. Eight  figs,  placed  in  culture  dishes,  autoclaved,  then  inoculated,  all 
showed  the  mycelium  characteristic  of  the  disease  at  and  around  the  poiut 
of  inoculation,  the  mycelium  being  much  more  abundant  upon  these  sterilized 
figs  than  uix)n  those  not  sterilized.  In  due  time  the  salmon-colored  spores 
of  the  disease  appeared  in  numerous  pustules  on  both  sterilized  and  uu- 
sterillzed  fruits. 

Further  field  inoculations  made  with  an  enclosed,  moist  atmosphere.  Sei)tem- 
ber  26,  190S.  showed  rotten  spots  on  October  1,  although  no  fungus  was  visible. 
The  fruit,  all  of  which  had  fallen  from  the  bush,  was  placed  in  sterile  culture 
dishes  in  the  laboratory,  and  at  the  end  of  three  days  all  specimens  showed 
the  characteristic  disease,  and  at  the  end  of  a  week  great  masses  of  siwres 
were  visible. 

It  is  clear  from  the  inoculation  experiments  that  this  fungus  will  grow  uinm 
the  fig,  sterile  or  in  natural  condition,  if  in  a  humid  atmosphere,  but  that 
it  does  not  grow  well  upon  raw  figs  in  a  dry  atmosphere. 

These  results  are  in  accord  with  our  observations  uiwn  the  distribution  of 
the  disease,  which  has  been  noted  as  yet  only  in  exceedingly  humid  localities, 
as  on  our  seaboard. 

IDENTITY  OF  THE  FUXGUS. 

Ui)on  the  genus  Ficus  we  find  recorded  four  species  of  CoUetotrichum  and 
four  siKH'ies  of  Glovosporium,  which  are  as  follows,  with  the  host  plants  in- 
dicated : 

1.  CoUetotrichum  cUistirav  F.  Tassi,  in  leaves  of  Fiscus  clastica  Itab'. 

2.  CoUetotrichum  elasticae  Zimm..  in  leaves  F.  etastica.  Koorders  says  this 
is  identical  with  C.  elaftticac  F.  Tassi.' 

3.  CoUctotri(:hum  Fici-EUisticae  Zimm.,  in  leaves  F.  elastica  Java. 

•Botani-iclie  UnterMicliiineenuber  einiite  in  Java  vorkommende  Pilze.  b^sonders  uber  BUli^r 
bewohiitiiile.  i>arasiti>ch  aui  treien-le  arten  (Verb.  Von.  Akad.  von  Weiensch  te  Amsterdam 
TwetNle  Sect.  Dtri.  XIII  4,  p.  264 1.  al>o  .  Noiizblatt  d.  KoniK  Bot.  Gart,  u,  Mus.  *u.  Berlin-Da^- 
lem.  No.  40.  BjI.  IV,  liUT^ 
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4,  CoUetotrichitm  FUcus*  Koord. 

.">.  (}lo€nporium  intermedium  Sacc.  var.  hreripeH  on  leaves  of  F.  elastica. 
K(H>r(lers  says  this  is  indistinguishable  from  Q,  elaaticae  C.  &  M. 

r..  Glo€o»porium  elasticae  C.  &  M.  on  leaves  of  Fiscus  elastica. 

7.  (ilocosporium  Beniaminae  Scalla  on  leaves  of  F.  Bemaminae  in  Sicily. 

s.  Gloeosporium  fructigenum  Berk,  in  fig  fruits,  Sussex,  England,  1864.* 

Only  one  of  these  si)ecies  is  recorded  as  occurring  upon  the  fig,  Ficus  Car  tea, 
itself,  nor  do  any  of  these  species  seem  to  be  the  species  found  upon  the  fig 
io  this  State. 

Aside  from  the  presence  of  setae  in  the  species  under  discussion,  it  also 
differs  from  each  of  the  various  species  of  Gloeosporium.  Its  spores  are  smaller 
than  those  of  No.  5  and  its  basidia  are  narrower  and  shorter.  Its  spores  are 
much  smaller  and  of  very  different  shape  than  those  of  No.  7.  Its  spores 
differ  in  8hai)e  and  size  from  those  of  No.  6  and  are  smaller  than  those  of 
No.  8. 

This  species  differs  clearly  from  each  of  the  species  of  CoUetotrichum  also. 
Its  setae  are  much  shorter  than  those  of  No.  3,  which  also  is  separated  from 
it  by  its  orescent-shaped  spores.  It  is  distinguished  from  Nos.  1  and  2  by  its 
shorter  setae  and  smaller  uncurved  spores. 

It  is  possible  that  this  disease  is  the  same  referred  to  as  an  undescribed 
CoUetotrichum  in  the  Year-book  of  the  U.  S.  Department  of  Agriculture,  1907, 
ji.  .vsi.  or  that  it  is  identical  with  a  CoUetotrichum  of  fig  fruit  collected  at 
Berkley,  Va.,  in  1905  and  thought  by  Mrs.  Flora  Patterson  to  be  an  undescribed 
siKH'ies,  though  it  is  impossible  in  the  absence  of  any  description  or  specimen  to 
be  sure  in  this  regard. 

It  seems  desirable  to  recognize  this  as  a  new  species  of  CoUetotrichum,  for 
which  we  propose  the  following  name  and  characterization  drawn  from  the 
fungus  us  growing  upon  the  nearly  rii)e  fig : 

CoUetotrichum  CaricOy  n  sp. 

AcervuH  brown,  becoming  black,*  hemispherical,  numerous,  small.  So  to  2.')0 
/4  in  diameter,  bearing  one  to  twelve  or  often  no  setae,  setae  long,  irregular, 
}(Ie(ider,  acute,  dark  throughcmt.  rigid,  septate,  2  to  6  /i,  thick  by  22  to  lOG 
M  long;  conidiophores,  slender  1  to  2  /a  wide,  45  a*  long  hyaline;  spores. 
reeular,  oblong,  obtuse,  continuous,  hyaline,  3.5  to  0.0  fi  by  8.7  to  20  fi, 

'Now  rejnrded  as  Npozimmermania  Elasticae  (Koodors.  Bot.  Unt  Verb  of  Koninktijke  Akad. 
V.  Wetraschappen  le  Amsterdam  Dert.  XIII.  No.  4,  1907). 
H'ooke.  Jour.  Hoy.  Hort.  Soc,.  28,  p.  29. 
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HABLEQTJIH  CABBAGE  BXJO  (MXTBOANTIA  HISTBIOITICA); 


By  R.  I.  Smith. 


As  an  enemy  of  collard,  cabbage,  turnip,  and  related  plants  throughout  the 
Southern  States,  none  surpasses  the  harlequin  bug  In  persistence  and  general 
destructiveness,  in  spite  of  the  numerous  remedies  that  are  constantly  printed 
in  bulletins,  agricultural  papers  and  journals.  The  general  failure  to  control 
this  pest  is  partly  the  result  of  neglect,  but  is  due  largely  to  the  farmers' 
lack  of  information  concerning  how  the  insect  feeds,  its  rate  of  increase  and 
remarkable  power  of  surviving  under  unfavorable  conditions.     Realizing  this 


situation,  the  writer  undertook,  in  1908,  a  thorough  study  of  the  life-history 
and  habits  of  this  insect  with  a  view  to  determining  definitely  the  best  methods 
of  control.  The  results  of  this  work,  recorded  in  the  following  pages,  reveal 
some  facts  hitherto  unknown,  which  furnish  a  sound  basis  for  the  remedial 
suggestions  which  are  made  a  part  of  this  article. 

Examination  of  the  literature  shows  that  some  early  writers  make  very  er- 
roneous statements  concerning  the  number  of  annual  generations  and  rate 
of  increase.  Later  writers  have  frequently  repeated  these  questionable  state- 
ments, and,  in  general,  entomologists  have  failed  to  make  definite  and  com- 
plete observations  on  the  most  vital  points  in  connection  with  this  insect's  life- 
history   and   habits.     The  writer's  studies,   although   not   complete   in    every 


»Terrapin  buK.  collard  bug,  fire  bug,  calico  bug.  and  sometimes  other  names  of  local  adop- 
tion, are  applied  to  tliis  insect;  but  liarlequin  cabbage  bug  is  the  name  by  which  it  Is  moe* 
widely  recognized  in  the  various  States  where  it  occurs. 
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respect,  have  resulted  in  obtaining-  information  of  considerable  economic  im- 
portance, l)ecause  they  show  how  and  why  the  pest  may  be  controlled  by  hand- 
collecting,  spraying,  and  correct  cultural  methods. 

DESCBIPTION. 

The  illustration  shows  the  general  appearance  of  eggs,  young  and  adults. 
The  latter  have  well-developed  wings,  with  the  dark  portions  black  or  metallic 
blue,  and  the  lighter  portion  bright  yellow  in  freshly  transformed  bugs,  and 
red  in  the  older  individuals.  The  younger  stages  lack  wings  and  vary  some- 
what in  shape  and  appearance,  in  accordance  with  their  age,  but  are  readily 
recognized. 

The  eggs  are  set  on  end  in  masses  of  ten  to  fourteen,  and  resemble  miniature 
barrels  bound  with  two  black  hoops,  as  shown  in  the  illustration.- 

GENERAL   LIFE-HISTOBY  AND    HABITS. 

Winter  Stage. — Harlequin  cabbage  bugs  pass  the  winter  in  this  state  only 
as  strong,  mature  adults,  protected  by  whatever  cover  they  happen  to  find. 
It  seems  probable  that  most  of  the  bugs  seek  shelter*  In  the  fields  where  they 
were  last  feeding,  but  many  find  more  favorable  hibernating  quarters  under 
fences,  buildings,  rubbish  piles,  and  in  adjoining  woodlands  or  thickets.  A 
largo  number  of  the  bugs  that  seek  winter  protection  are  unable  to  secure  a 
favorable  place,  and  consequently  die,  but  a  sufficient  number  survive,  as  is 
evidenced  by  their  abundance  each  spring. 

Eggs  deposited  in  the  fall  too  late  to  hatch,  or  bugs  that  fail  to  reach  ma- 
turity before  winter  commences,  do  not  live  until  spring. 

Earliest  Appearance. — The  first  warm  spring  days  find  the  bugs  issuing  from 
their  hiding  quarters,  and  they  may  become  active  during  a  prolonged  warm 
I^eriod  In  winter,  but  in  1908  it  was  the  last  of  March  before  many  bugs  ap- 
peared. For  the  season's  work  the  first  definite  observations  and  notes  were 
made  April  4, 1908,  at  West  Raleigh,  where  all  the  work  herewith  recorded  was 
done.  The  season  was  a  little  late,  but  bugs  were  then  present  in  considerable 
numbers,  although  no  eggs  were  discovered  until  a  few  days  later,  and  the 
first  young  were  found  on  April  14;  hence  this  date  is  considered  as  ap- 
proximately the  beginning  of  the  first  seasonal  generation.  Some  springs  may 
bring  forth  adults  at  an  earlier  date. 

Feeding  and  Mating. — Mating  does  not  ordinarily  take  place  until  the  bugs 
have  fed  from  a  week  to  ten  days,  but  the  first  egg  mass  may  be  deposited 
the  next  day  after  mating.  The  females  under  observation  in  the  laboratory 
mated  usually  the  day  before  each  egg  mass  was  laid,  but  those  confined  with- 
out males  laid  just  as  regularly  and  in  the  normal  manner.  Mating  occurs 
during  the  day,  the  pairs  often  remaining  together  several  hours. 

Egg-latfing  Habits. — It  is  generally  supposed  that  twelve  is  the  normal  num- 
ber of  eggs  deposited  in  each  mass,  being  placed  on  end  in  two  parallel  rows 
of  six  each,  closely  cemented  together,  the  eggs  usually  alternating  like  the 
cells  of  a  honeycomb.  As  a  matter  of  fact,  the  eggs  are  always  placed  on  end, 
but  a  greater  number  are  laid  in  more  or  less  irregular  masses  than  in  two 
parallel  rows  of  six  each.  Out  of  ninety-four  egg  masses  laid  in  the  Ial)ora- 
tory  by  females  under  observation,  sixty-two  were  irregular  In  form,  but  con- 
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tained  twelve  eggs  each,  while  only  nineteen  were  regular  with  twelve  eggs 
each,  and  thirteen  masses  varied  in  numbers  from  eight  to  fourteen.  -Twelve 
egg's  for  each  mass  is  undoubtedly  the  average  number,  as  evidenced  by  the 
fact  that  three  females  laid  eleven  once  and  thirteen  in  the  following  mass, 
while  another  laid  ten  and  then  fourteen  eggs.  In  all  instances  observed 
where  less  than  eleven  were  laid  at  one  time,  or  where  eleven  eggs  were 
deposited  two  or  three  times  in  succession,  the  female  died  shortly  afterward. 

The  table — ^giving  the  egg-laying  record — shows  how  often  the  egg  masses 
are  deposited,  and  it  will  be  noticed  that  this  time  varies  from  two  to  fifteen 
days,  but  on  an  average  of  one  mass  about  every  four  days. 

Concerning  the  time  consumed  by  a  female  in  depositing  the  eggs,  a  marked 
regularity  exists.  I  have  watched  several  egg  masses  deposited  and  find  it 
takes  about  thirty  minutes  to  deposit  twelve  eggs.  A  quotation  from  uott^ 
made  at  the  time  will  serve  as  an  illustration : 

"April  15,  1908,  4  P.  M.— I  have  just  watched  and  timed  female  of  Pair 
No.  13,  deposit  a  mass  of  twelve  eggs.  At  2  :50  P.  M.  she  was  observed  in  the 
position  assumed  when  about  to  commence  deposition.  She  was  apparent ly 
straining  the  abdominal  muscles,  and  moved  the  abdomen  up  and  down 
occasionally,  during  which  process  she  frequently  stroked  the  tip  of  her  ab- 
domen with  either  hind  leg.  During  this  process  a  drop  of  moisture  appeareil 
probably  to  serve  as  a  glue  for  the  first  egg.  At  2 :56  P.  M.  the  first  egg  wa8 
dropped,  and  the  remaining  number,  making  a  regular  mass  of  twelve  in  all, 
were  deposited  from  2 :56  until  3 :25,  when  the  last  egg  appeared,  or  exactly 
twenty-nine  minutes  after  dropping  the  first  egg.  Counting  the  six  mhiutes 
that  she  remained  in  position  preparatory  to  laying  the  first  egg,  it  required 
thirty-five  minutes  for  the  whole  process.  The  time  elapsing  between  the  ap- 
pearance of  each  egg  is  almost  exactly  two  and  one-half  minutes." 

Incubation  of  Eggs. — The  incubation  period  varies  greatly  with  the  tempera- 
ture. Eggs  deposited  from  April  9  to  15  required  an  average  of  eleven  days, 
some  requiring  twelve  days,  while  from  May  12  to  21  the  average  was  about 
six  days.    In  hot  summer  weather  they  may  hatch  on  the  fourth  day. 

EGG-T^YING    BECORD    OF    HIBERNATED    INDIVIDUALS. 

As  already  stated,  these  observations  were  commenced  on  April  4,  when 
a  very  few  eggs  may  have  been  presei/t  In  the  fields;  hence  of  the  fourteen 
pairs  selected  for  the  egg-laying  record  some  may  have  deposited  one  mass. 
For  this  record,  pairs  were  taken  and  confined  in  large  glass  vials  with  suit- 
able food  and  a  strip  of  blotting  paper  to  absorb  surplus  moisture.  It  is 
my  opinion  that  too  little  absorbent  was  used,  the  lack  of  which  caused  the 
premature  death  of  some  individuals.  Six  pairs  were  taken  on  April  4. 
and  eight  pairs  on  April  7.  They  were  given  fresh  food  (collard  or  cabbage) 
daily  and  the  number  of  eggs  were  counted  and  removed  each  morning.  As 
the  eggs  are  laid  during  the  daytime,  the  record  is  always  one  day  behind  as 
regards  the  actual  date  when  the  eggs  were  laid. 

The  shape  of  the  egg  mass,  whether  regular  or  irregular,  and  number 
of  eggs,  are  represented  in  vertical  volume  In  table,  the  letter  "R"  meaning 
regular,  that  is,  two  uniform  parallel  rows  ("12-R"  meaning  twelve  e^gs 
in  two  rows  of  six  each)  and  *'I"  meaning  irregular  (•'12-1"  meaning  twelve 
eggs  in  an  irregular  mass). 
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EGG-LAYING  RECORD  OP  MURGANTIA  HISTRIONICA.     HAHN. 
Daily  Record  of  Fourteen  Females  of  the  Hibernated  Generation. 


Date.  1           1 

No.     No. 
1.         2. 

No. 

3. 

No. 
4. 

No. 
5. 

No. 
6, 

No. 
7. 

No. 

8. 

No. 
9. 

No. 

10. 

No. 
11. 

No. 
12. 

No. 
13. 

No. 
14. 

1908. 
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5. 

6. 

7. 

8. 

9. 
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11 

! 

I 

...       .    .      1   -_-_ 

...j 
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1 

12-1 
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12-1 

l^-I 

12-1 

12-1 

12-1 
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12-1 

12-1 

12-1 

12-1 

12-1 

12-1 

12-1 

12-R 

12-R 
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ll-I 

r"~ 

13 

12-R 

.    _ 

12-R  12-1 

14. 

15. 
16. 
17. 
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ll-R 
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1     __  , 
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!.,-T 
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12-R 
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12-1 
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12-1 



12-1 

20. 

12-1 

12-1 

12-1 

11-R 

. 

12-1 

21. 
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12-R 

12-1 

i^-n 
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12-1 

23. 
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12-1 

12-1 

12-1 

12-1 
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12-1 
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1 
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1 

. 
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1 
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' 
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EGG-LAYING  RECORD  OF  MURGANTIA  HISTRIONICA.     HAHN.— Continued. 


I 


Daily  Record  of  Fourteen  Females  of  the  Hibernated  Generation. 


Date. 

No. 
1. 

No. 
2. 

No. 
3. 

No. 
4. 

No. 
5. 

No. 
6. 

No. 
7. 

No. 
8. 

No. 
9. 

No. 
10. 

No. ; 
11. 

No. 
12. 

No.  ■  No. 
13.      14. 

1908. 
May  11. 

12 



12-1 

12~R 

13 

; 

14 

11-R 

15 

11-R 

16 

12-1 

Died 

17 



18 

12-R 

10 

12-1 

12-1 

20 

12-1 

21 

i 

' 

22 

12-1 

"" 

23 

12-1 

__ 

1 
j 

24- 

25 

Died 



12-1 

26 

27 

12-1 

28 

12-1 

29 

12-R 

30 

31 

12-1 

June  1 

2 

i 

3 

Died 

, 

4 

ll-I 

I 

5 



1 

Q 

i 

7 

! 

1 

g 

1 

g 

12-1 

10 

' 

11 

Died 

Total 
Egg 

Masses 

11 

8 

7 

6      1   15 

6 

10 

6 

« 

6 

4 

4 

3         4 

Total 
Eggs  . 

131 

70 

84 

68 

179 

69 

120 

72 

1 

107 

64 

48 

48 

36       4S 
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From  the  above  record,  we  determine  that  the  length  of  life  of  individuals 
varied  from  twenty-two  to  sixty-nine  days  in  confinement;  also  that  the 
number  of  eggs  deposited  varied  in  about  the  same  proportion.  As  a  matter 
of  fact,  it  is  probable  that  those  females  dying  before  depositing  at  least 
six  egg  masses  would  have  lived  longer  under  more  favorable  conditions. 
At  the  same  time  Nos.  2,  4,  8  and  10,  females  that  deposited  eggs  quite 
irregularly  toward  the  last,  in  all  probability  died  of  natural  causes;  hence 
it  would  seem  that  by  counting  the  average  of  the  number  of  eggs  obtained 
from  females  depositing  at  least  six  egg  masses,  we  would  have  a  fair  average 
number  that  might  be  laid  under  normal  or  natural  conditions.  Granting 
this  to  be  a  correct  supposition,  we  have  ninety-nine  as  the  average  number 
of  eggs  laid  by  each  hibernating  female. 

EGG   LAYING   OF    SECOND   GENERATION. 

To  serve  as  a  check  on  the  egg-laying  record  of  the  hibernated  generation 
and  to  determine  which,  if  either,  lays  the  greatest  number  of  eggs  during 
their  lifetime,  an  attempt  was  made  to  get  a  similar  record  for  individuals 
of  the  second  seasonal  generation.  For  this  experiment  nymphs  in  the  last 
stage  of  development  were  collected  from  the  field,  taken  to  the  lalwratory. 
reared  to  adults  and  from  them,  on  August  10,  fourteen  pairs  were  selected 
and  isolated  in  4-ounce  bottles  with  suitable  food.  Unfortunately,  the  mortality 
among  these  specimens  was  quite  high,  due,  I  am  now  convinced,  to  an  excess 
of  moisture  accumulating  in  the  bottles.  Consequently  the  record  is  not  as 
satisfactory  as  might  be  wished  for,  but  at  the  same  time  is  rather  interest- 
ing. 

EGO  RECORD  OF  FOURTEEN  FEMALES  IN  SECOND  GENERATION. 

Out  of  this  number  separated  on  August  10,  seven  died  between  August 
24  and  27,  after  laying  from  twelve  to  thirty-six  eggs  each.  Three  more  died 
on  Augrust  31,  September  4,  and  September  7,  respectively,  each  one  having 
laid  thirty-six  eggs.  On  September  21  another  female  died,  at  forty-four 
days  of  age  from  maturity,  after  laying  four  egg  masses  containing  forty-six 
eggs  in  all. 

There  remained  only  three  females  out  of  the  original  fourteen,  and  as 
they  laid  a  larger  number  of  eggs  and  lived  so  much  longer,  their  individual 
record  seems  to  be  of  particular  interest,  and  is  as  follows : 

The  female  of  Pair  No.  8  l)ecame  adult  on  August  7  or  8,  lived  until 
October  5,  or  fifty-eight  days,  and  deposited  seventy-two  eggs,  or  a  mass  of 
twelve  eggs  each,  on  the  following  dates :  August  20  and  24,  September  8,  17. 
21,  and  26. 

The  female  of  Pair  No.  9  became  adult  August  8,  lived  until  October  10, 
or  sixty- three  days,  and  deposited  seventy-one  eggs,  or  a  mass  of  twelve  eggs 
each  (except  once,  when  only  eleven  eggs  were  found),  on  the  following 
dates:  August  20  and  29,  September  2,  10  (eleven  eggs),  17  and  21. 

The  female  of  Pair  No.  10  became  adult  August  7  or  8,  lived  under  observa- 
tion until  October  10,  when  she  escaped,  after  depositing  eighty-four  eggs 
or  seven  masses  of  twelve  eggs  each,  on  the  following  dates:  August  20  and 
20.  September  7,  11,  20,  25,  and  29. 

As  already  stated,  it  seems  probable  that  the  females  that  died  so  soon  after 
maturity  were  klllM  by  excessive  moisture  in  the  bottles.     In  other  words. 
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the  moisture  caused  them  to  get  fastened  to  the  sides  of  the  bottles,  where 
tliey  died  in  their  struggle  to  loose  themselves.  As  this  experiment  was  fol- 
loweii  closely,  I  feel  confident  in  concluding  that  the  average  number  of  egj^ 
deposited  by  the  second  brood  is  six  or  seven  masses  of  twelve  eggs  each,  or 
from  seventy-two  to  eighty-four  eggs.  This  is  less  than  the  average  for  the 
hibernating  brood. 

ijcngth  or  life  cycle. 

There  is  some  variation  in  the  duration  of  the  young  stages,  particularly 
the  4th  and  5th  Instars.  Chittenden  records  the  life  cycle  for  bugs  hatching 
in  March,  as  seventy  days,  including  the  egg  stage,  which  covered  eleven  days. 
My  record  of  bugs  that  hatched  on  August  24  and  25  shows  the  life  cycle, 
exclusive  of  the  egg  stage,  covered  from  fifty-seven  to  sixty-five  days. 

The  following  table  shows  the  record  of  four  individuals  which  were  kept 
in  the  unheated  laboratory. 


LIFE  CYCLE  OF  FOUR  INDIVIDUALS. 

Xo. 

Hatched. 

Aug.  25 
Aug.  25 
Aug.  24 
Aug.  24 

End  of  First 
Instar. 

End  of 
Second 
Instar. 

End  of  Third 
Instar. 

End  of 
Fourth 
Instar. 

'=°?n'S/r'"''     Total. 

1... 
2... 
3--- 

4-_. 

Aug.  30-31» 
Aug.  30-311 
Aug.  30 
Aug.  30 

Sept.  7-8» 
Sept.  7 
Sept.  7-8» 
Sept.  7-81 

Sept.  15 
Sept.  15 
Sept.  16-17» 
Sept.  16-171 

Sept.  27 
Oct.      2 
Sept.  26 
Sept.  30 

Oct.  23       1             59 
Oct.  29                    65 
Oct.  20                    57 
Oct.  27                     64 

As  evidence  that  the  duration  of  the  fourth  and  fifth  instars  may  vary, 
it  is  only  necessary  to  study  the  above  table,  and  as  further  proof  compare 
these  dates  with  the  time  recorded  by  Chittenden,  as  above  mentioned.  He 
states :  "The  first  or  egg  stage  covered  eleven  days.  The  time  from  the  hatch- 
ing of  the  eggs  until  the  first  molt  gave  the  first  larval  instar  or  nymph 
period  seven  days;  the  second  instar  required  thirteen  days;  the  third,  eight 
days ;  the  fourth,  fourteen  days ;  while  the  fifth  or  pupal  Instar  covered  seven- 
teen days — a  total  of  seventy  days  or  ten  weeks." 

The  life  cycle  of  the  first  generation  was  not  as  long,  and  probably  means 
that  the  food  supply  governs  to  some  extent  the  rapidity  of  growth.  The 
recorded  dates  are  given  below. 

NUMBER   OF  GENERATIONS    ANNUALLY. 

Three  full  generations,  and  perhaps  a  partial  fourth,  are  all  that  are  pro- 
duced in  the  vicinity  of  Raleigh.  This  assertion  is  based  on  notes  secured  by 
careful  observation  resulting  in  a  discovery  that  the  bugs  maturing  after 
September  1  do  not  lay  eggs  the  same  season,  but,  on  the  contrary,  live  during 
the  fall,  and  hibernate  when  cold  weather  commences.  Considering  the  large 
number  of  young  bugs  usually  present  In  the  fields  during  November,  it  is 
not  strange  that  a  full  fourth  and  fifth  generation  has  been  credited  to  this 
species.  Indeed,  one  writer  has  stated  that  there  may  be  seven  or  eight 
Having  learned,  however,  that  females  may  live  and  continue  depositing  eggs 


iWith  these  the  molt  occurred  some  time  between  5  P.  M.  and  8:30  A'.  M.  the  foUoving  day. 

Digitized  by  LjOOy  it! 


HARLEQUIN  CABBAGE  BUG    (MURGANTIA  HISTRIONICA).        97 

for  more  than  two  months,  the  presence  of  young  bugs  the  last  of  November 
may  be  accounted  for,  and  safely  classed  as  belated  individuals  of  the  third 
2;eneration. 

In  the  spring  of  1908  the  earliest  individuals  of  the  first  brood  became 
mature  on  May  25,  and  deposited  eggs  nine  days  later.  This  showed  that 
the  first  generation  took  at  least  fifty-one  days,  exclusive  of  the  egg  stage,  to 
liecome  full  grown  and  commence  to  deposit  eggs.  At  this  rate,  allowing 
four  days  for  eggs  to  hatch,  the  first  individuals  of  the  second  generation 
became  mature  fifty-five  days  later,  or  on  July  20,  and  this  would  throw  the 
first  adults  of  the  third  brood  well  into  September. 

It  should  be  understood  that  many  eggs  are  laid  during  September,  October, 
and  even  November,  but  my  observations  show  that  these  are  laid  by  females 
maturing  before  September  1.  As  a  matter  of  fact,  the  generations  overlap 
completely  after  the  last  of  May,  and  there  may  be  a  difference  of  over  two 
months  in  the  age  of  individuals  of  each  generation. 

PREVENTn'E  AND  REMEDIAL  MEASURES. 

The  harlequin  cabbage  bugs  are  by  no  means  easy  to  control,  but  the  poa- 
sibilitj'  of  preventing  their  presence  in  destructive  numbers  depends  largely  on 
tlip  individual  farmer  or  gardener.  While  the  adults  fly  readily,  they  usually 
confine  themselves  to  one  locality  as  long  as  there  Is  sufficient  food,  and  for 
this  reason  the  gardener  who  makes  a  vigorous  fight  against  them  in  his 
own  fields  may  depend  upon  It  that  no  serious  reinfestation  will  result  from 
neighboring  fields  unless  they  happen  to  lie  very  close  together. 

The  recommendations  that  follow  are  based  upon  the  known  habits  of  this 
pest  with  a  view  of  taking  advantage  of  their  weakest  points. 

Winter  Treatment. — Knowing  that  the  adults  hibernate  during  winter,  the 
practice  of  clean  farming  suggests  itself  as  a'  valuable  preventive  measure. 
It  is  a  well-known  fact  that  this  pest  is  reduced  to  small  numbers  on  large 
cultivated  areas  that  are  properly  cleared  of  remnants  of  old  crops,  followed 
by  fall,  winter  or  early  spring  plowing.  A  good  illustration  has  come  under 
tbe  writer's  observation  in  the  case  of  the  farm  of  the  Central  Hospital. 
]<»cated  at  Raleigh.  This  farm  embraces  several  hundred  acres  of  cultivated 
land,  of  which  a  good  many  each  year  are  devoted  to  the  growth  of  cabbage, 
f*ollards,  and  turnips,  and  which  furnish  extensive  feeding  ground  for  the 
harlequin  bug.  The  manager  advises  me  that  he  formally  attempted  to  save 
seed  from  these  crops,  and  while  doing  so  the  insects  were  very  hard  to  con- 
trol, but  that  he  has  now*  abandoned  this,  and  consequently  is  enabled  to 
icet  his  fields  cleaned  up  early  in  the  fall.  The  result  is  that  the  bugs  are  not 
troublesome,  owing  to  the  small  numbers  that  survive  the  winter.  Similar 
results  have  been  obtained  on  the  farm  of  the  Agricultural  College.  Farmers 
who  allow  a  quarter  or  half  acre  of  worthless  plants  to  remain  during  the 
late  fall  months  as  food  for  harlequin  bugs  are  simply  inviting  trouble. 

Early  Spring  Destruction. — As  a  preventive  measure,  the  destruction  of  the 
bugfl  that  first  appear  in  spring  should  be  given  first  importance.  We  could 
not  consistently  urge  this  practice  if  the  bugs  commenced  egg  laying  when 
they  first  appeared,  but  we  know  that  about  two  weeks*  time  is  devoted  to 
feeding  and  to  mating  before  eggs  are  deposited.    As  a  general  rule,  the  bugs 
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appearing  earliest  congregate  on  a  few  plants,  flowering  mustard,  turnips,  or 
col  lards  furnishing  favorite  feeding  grounds.  From  sucti  places  they  should 
be  collected  by  hand,  or  killed  with  pure  keroi^ne  in  case  the  plants  are  worth- 
less.   The  true  value  of  this  practice  is  illustrated  by  considering  the  following : 

Rate  of  Increase. — ^As  an  illustration  of  the  benefit  derived  from  destroying 
the  bugs  before  they  have  commenced  to  lay  eggs,  we  see  by  referring  to  the 
egg-laying  record,  that  each  female  deposits  an  average  of  about  one  hundred 
eggs.  There  are  three  full  generations  annually.  Suppose  we  kill  a  single 
female  and  thus  prevent  one  hundred  young  of  the  first  generation,  of  which 
one-half  might  be  females.  If  these  fifty  reproduced  at  the  same  rate  the 
second  generation  would  number  5,000,  and  counting  only  one-half  of  these 
as  females,  each  capable  of  producing  one  hundred  young,  the  third  generation 
would  reach  the  enormous  number  of  250,000,  the  progeny  of  one  female  in  a 
single  year.  We  can  divide  this  number  by  100  and  still  have  2,500  as  the 
number  of  bugs  prevented  by  killing  one  Individual  when  she  first  appears 
In  spring. 

During  the  warm  summer  months  a  large  per  cent  of  the  eggs  are  destroyed 
by  a  minute  parasite  in  the  form  of  a  tiny  black  fiy;  but  as  a  general  rule, 
they  do  not  become  abundant  until  the  first  generation  is  well  developed, 
so  that  the  destruction  of  the  bugs  that  produce  that  generation  will  result 
in  greater  benefit  than  similar  work  later  in  the  year. 

Hand.  Picking, — During  the  summer  months  harlequin  bugs  are  liable  to  oc- 
cur in  small  numbers,  even  where  the  previous  recommendations  have  been 
followed,  and  to  prevent  their  increase,  collecting  by  hand  is  the  most  profitable 
remedy.  Progressive  truckers  employ  children  for  this  work  and  find  it  pajrs 
better  than  to  let  the  bugs  increase  until  spraying  becomes  necessary. 

Spraying. — ^Kerosene  emulsion  of  15  per  cent  strength  may  be  used  to  kill 
small  or  half -grown  bugs,  and  is  also  somewhat  effective  against  the  mature 
forms.  However,  when  the  bugs  are  sufficiently  numerous  to  make  spraying 
profitable,  much  injury  has  usually  been  done,  and  this  situation  should  l>e 
avoided  by  the  methods  already  suggested. 

When  kerosene  emulsion  is  employed  it  should  be  applied  with  a  good  sgr&j 
pump,  forcing  the  spray  under  high  pressure,  knocking  the  bugs  to  the  ground 
and  covering  them  where  they  lie.  Some  adult  bugs  will  always  survive, 
necessitating  a  second  or  third  treatment. 

Harlequin  bugs  feed  entirely  by  sucking,  and  arsenical  poison  sprays  are 
therefore  useless.  Kerosene  emulsion  kills  by  contact,  so  unless  the  individual 
bugs  are  hit  by  the  spray,  they  will  not  be  killed. 

Fall  Destruction. — ^Toward  the  end  of  every  season,  harlequin  bugs  frequently 
become  numerous  on  remnants  of  crops  that  are  of  little  or  no  value  and  usually 
no  attempt  is  made  to  destroy  them.  From  what  has  already  l>een  stated,  it 
is  evident  that  they  are  the  ones  that  will  pass  the  winter.  Here,  th«i,  is 
an  opportunity  to  destroy  large  numbers  that  would  otherwise  have  to  be  col- 
lected the  following  spring;  In  this  case  the  suggestion  is  again  based  on  the 
life-history  of  the  insect,  that  Is,  the  fact  that  those  maturing  after  about 
September  1  do  not  lay  eggs  the  same  fall.  During  October  and  November, 
there  is  ample  time  to  destroy  the  bugs  to  protect  the  following  year's  crop. 
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In  the  opinion  of  the  writer,  time  put  in  this  fall  destruction  will  prove  to  be 
well  spent  and  should  be  considered  as  an  essential  part  of  the  fight  against 
this  pest. 

This  work  may  be  accomplished  by  hand  collecting,  spraying  or  cleaning  off 
remnants  of  crops,  followed  Immediately  by  deep  plowing.  Every  adult  killed 
in  the  fall  may  mean  one  less  the  following  spring,  and  the  aim  should  be  to 
prevent  their  going  into  hibernating  quarters. 


Digitized  by  LjOOQIC 


100  THIRTY-SECOND  ANNUAL  REPORT,  1900. 

IS  NE0C08M08P0BA  VASINFECTA  (Atk.)  SMITH,  THE  PEBITHE- 
CIAL  STAGE  OF  THE  FVSABIVM  WHICH  CAUSES  COWPEA 
WILT?  

By  B.  B.  HIGGINS.i 


One  of  tlie  first  wilt  diseases  to  be  attributed  to  the  Fiisarlum  tj-pe  of  fun;:! 
was  a  disease  of  cottou  described  by  Atlcinson^  in  1S92.  The  wilting?  of  thv 
cotton  was  attributed  to  the  plugging  of  the  vessels  of  the  plant  near  the  bas4' 
of  the  stem  by  the  mycelium  of  a  fungus.  This  fungus  was  isolated  and  dv- 
seribed  by  Atkinson'*  as  a  new  species  of  Fusariuni  under  the  name  Fusarium 
vasinfectum. 

Atkinson  also  found  a  Fusarium  on  the  surfaw^  of  some  of  the  sick  plant <<. 
but  considered  this  a  saprophyte  distinct  from  the  internal  fungus. 

A  few  years  later  (1804-1899)  Erwln  F.  Smith  made  a  much  more  extensiv*' 
.study  of  the  wllt-pnxlucing  Fusarla  on  cotton,  also  on  watermelon  and  cow- 
pea.'  lie  found  an  internal  fungus  plugging  the  vessels  of  the  stems,  ami 
l)roducing  In  them  (melon  and  cowpea)  short  hyaline,  nonsei)tate  (or  ocia- 
sionally,  once  or  twice,  septate)  spores,  microconidia.  The  Fusarium  wns 
found  in  all  three  host  plants,  cotton,  watermelon,  and  cowpea.  and  was  con- 
sidered by  Smith  to  be  specifically  identical  w^ith  Ftisarium  vasinfcctum  Atk. 

After  the  plants  infected  with  internal  fungus  had  die<l,  another  siiore  fonn. 
"macroconidia,"  appeared  on  the  surface  of  the  stems.  This  form  is  de- 
scribed by  Smith*  as  consisting  of  lunulate,  3  to  5  septate  spores,  30  to  50  by  4 
to  6  mu.,  which  are  borne  on  the  surfaces  of  dead  stems  hi  immense  numbers 
or  on  Innumerable,  small,  oval,  or  hemispherical  conidia  beds  which  arisi' 
from  the  internal  mycelium  and  consist  of  compact,  irregularly  branched,  short 
conidlophores.  The  spores,  when  germinated  in  water  or  in  acid  or  alkaliuo 
agar  or  in  very  moist  air,  are  said  to  produce  conidia  indistinguishable  from 
those  borne  by  the  internal  fungus. 

The  enlarged  cells  in  the  hyphie  of  the  fungus  described  by  Atkinson  as 
resembling  gemmie  were  also  noted  by  Smith  on  stems  of  watermelon,  and 
cultures  of  the  fungus  from  melon  and  cotton  and  were  regarded  as  damy- 
dospores. 

Smith  also  found  red  i)erithecia  growing  on  the  roots  and  stems  of  ct>tton. 
watermelon,  and  cowpea. 

All  four  of  these  fungous  forms  were  considered  by  Smith  to  be  stages  iii 
the  life-historj'  of  one  fungus,  which  he  named  from  its  nscogenous  stajie 
Neocosmospof-a  vashifecta. 

UThe  investigation  upon  which  this  article  is  based  was  begun  by  Mr.  Hissins.  at  the  sug- 
gestion of  Dr.  Stevens,  to  form  material  for  a  Master's  thesis.  The  preliminary  studies  revealed 
a  problem  of  unexpected  significance  and  led  to  modification  of  the  original  plan  and  to  the 
devotion  of  a  portion  of  Mr.  Higgins'  time  as  laboratory  assistant  of  the  Experiment  Statimi  to 
the  completion  of  the  investigation.  The  research  was  thereafter  carried  on  under  the  direction 
of  Dr.  Stevens,  partly  as  Station  work  and  partly  in  pursuance  of  college  study. — Director.] 

»Some  Diseases  of  Cotton.    Ala.  Sta.  Bui.  41,  pp.  19-29. 

'^Wilt  Disease  of  Cotton,  Watermelon,  and  Cowpea.  Bui,  No.  17,  U.  S.  Dept.  of  Agr.,  Div. 
of  Veg.  Phys.  and  Path. 
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Smith's  couc'lusiou  as  to  the  genetic  relatiouship  of  these  fungous  forms  has 
been  generally  accepted,  although  only  a  very  few  writers  have  reported 
actually  finding  the  perlthecia,^ "  and  no  one,  so  far  as  I  can  find,  has  by  means 
of  pure  cultures  corroborated  Smith's  conclusions. 

Whether  Smith  did  or  did  not  succeed  in  producing  perithecia  from  the 
internal  fungus  taken  from  the  stems  of  the  cowpea,  is  not  quite  clear.  In 
Bulletin  17  (Div.  of  Veg.  Phys,  and  Path.,  U.  S.  Dept.  of  Agr.,  p.  11)  he  says: 
••Xo  iK?rlthecia  ever  developed  in  any  of  the  cultures  made  from  internal  or 
external  conidia  taken  from  the  cotton  or  watermelon." 

Thus,  although  denying  perithecial  production  by  conidia  taken  from  water- 
melon and  cotton,  he  does  not  deny  perithecia  production  by  conidia  from  the 
<'<>wi)ea  fungus.  From  this,  one  might  be  led  to  infer  that  perithecia  were  ob- 
tained from  conidia  taken  from  the  cowpea.  The  only  positive  statement  of 
the  production  of  ijerithecia  from  conidia  is  made  on  page  10  of  the  above-men- 
tioned bulletin,  where  he  says:  "Perithecia  have  also  been  produced  from  150 
or  more  microconidia.  They  were  isolated  by  the  ijoured  plate  method,  the  ma- 
terial being  derived  from  an  agar  culture  about  two  weeks  old  which  was 
made  from  ascospores."  No  statement  is  made  as  to  whether  the  culture 
imxlucing  these  ascosjwres  was  obtained  originally  from  the  internal  fungus 
or  from  the  outer  i)erithecial  fungus. 

With  these  facts  in  mind,  the  present  work  was  begun  in  the  fall  of  1908 
in  the  laboratory  of  the  Station,  to  learn  so  far  as  possible  the  exact  condi- 
tions under  which  iKjrithecIa  are  produced,  and  if  possible  to  obtain  perithecia 
from  pure  cultures  of  the  internal  fungus  from  cowpea  stems. 

There  has  long  been  much  question  as  to  why  certain  imperfect  fungi,  c.  g., 
rolletotrichum  gossypih  Glaosporium  fructigennni,  etc.,  produce  perithecia 
abundant^'  under  almost  any  conditions,  while  other  strains  of  what  is  appar- 
t»uily  the  same  fungus  do  not  produce  perithecia  at  all.  Again,  the  perlthecia- 
produclng  power  seems  to  come  and  go  in  the  same  strain.  It  was  hoped  by 
the  study  of  selected  pedigree  cultures  to  throw  light  upon  this  point  regarding 
the  forms  under  discussion. 


ismith  Ic. 

'Butler.  K.  J..  Fungous  Diseases  of  India  in  1003.     Ztschr.  Pflanzenkrank.  15  (1905).  pp.  ■ 
44-48. 

'Delacroix,  G.,  Cotton  Disease  in  Egypt.     Agr.  Prat.  Pays  Chauda,  2  (1902),  No.  8,  pp.  135- 
143;  Jour.  Agr.  Trap.  (1902).  No.  14,  pp.  231-233. 

«I)elacroix.  La  Maladie  des  osillets  d'Autibes.     1001. 

^Delacroix  and  Maublanc,  Kncyclopedia  Agricole  Maladies  Parasitaires  des  Plants  Culti- 
vates {Seocomotpora  vfuinfecta),  pp.  333-334. 

•Duggar.  B.  M.,  Fungous  Diseases  of  Plants,  pp.  233-230. 

•Kvans,  G.,  Cotton  Wilt  in  Central  Provinces.     Agr.  Jour,  of  India,  3  (1908),  I,  pp.  78-80. 

•Fletcher,  F.,  Notes  on  Two  Diseases  of  Cotton.    Jour.  Khediv.  Agr.  Soc.  and  School  Agr., 
4     1902).  6.  p.  42. 

•Jacxewski,  A.  von.  On  the  Occurrence  of  the  Wilt  of  Sesame.     Ann.  Mycol.,  I  (1903),- 1, 
pp.  31-32:  abs.  In  Bot.  Centbl.  92  (1903).  23.  p.  543. 

wLewis.  A.  C,  Black  Root  Di.<?easesof  Cotton  in  Georgia,  and  Its  Control.     Ga.  Bd.  Ent., 
Bui.  28. 

"Malkoir.  K.  A.,  Plant  Diseases  and  Other  Injuries  to  Cultivated  Plants.     Ghod.  Otchet. 
Drxhav.  Zeml.  Opitna  Stanz.  Sadovo.  (Jahresber.  Staatl.  lAndw.  Vers.  Stat.  Sadovo)  4  (1906). 

"Orton.  W.  A.,  Some  Diseases  of  the  Cowpea.     Bui.  17.  Bur.  of  Plant  Industry,  U.  S.  Dept. 
of  Agr..  pp.  9-23. 

»K>rton.  W.  A.,  A  Study  of  Disease  Resistance  in  Watermelons.     Abs.  in  Science,  n.  ser.  25 
<  1907).  034.  p.  288. 

»«<)rton.  W.  A.,  Cotton  WUt.    U.  S.  Dept.  of  Agr.,  Farmers*  Bui.  333,  pp.  5-54. 

uReed,  H.  8.,  Parasitism  of  Neocotmospora  vasinfecta  Science,  n.  ser.  23  (1906),  593.  pp. 
751-752. 

>*Smith.  R.  I.,  and  Lewis,  A.  C.  Black  Root  Disease  of  Cotton.     Ga.  Bd.  Ent.,  Bui.  22,  pp. 
-•:JT-275. 

i^Sormuer,  P.  Handbuch  der  PflanEenkrankheiten,  Dritte  Auflage,  p.  204. 


Digitized  by  LjOOQIC 


102  THIRTY-SECOND  ANNUAL  REPORT,  1909. 

Abundant  material  was  found  in  the  fields  of  the  College  and  Station  farms. 
Externally,  the  diseased  cowpea  plants  presented  the  characteristic  wilteil 
appearance  as  fully  described  by  Orton.*  Internally,  the  woody  portion  of  the 
stem  near  the  ground  was  browned  and  the  characteristic  conidia-bearing 
mycelium  was  found  In  the  vessels. 

After  the  plants  had  died,  innumerable  small,  roundish,  salmon-colored  spore 
clusters  appeared  on  the  surface  of  the  stems.  These  tufts  were  made  up  of 
large  sickle-shaped,  3-5  septate  spores,  borne  on  the  ends  of  short,  irreguiarly 
branched  hyphse  (Figs.  2  and  3). 

For  convenience  in  distinguishing  the  different  fungous  forms  found  iu  or 
on  the  cowpea  stems,  the  fungus  found  in  the  ducts  of  the  plants  will  hereafter 
be  designated  the  "internal  Fusarium" ;  the  spore  clusters  found  on  the  surfa<^ 
of  dead  stems  will  be  called  the  "external  Fusarlum"  ;*  and  the  ascigerous  form 
will  be  mentioned  as  such. 

The  work  for  the  first  month  was  confined  almost  entirely  to  searching  f»»r 
red  perithecia,  described  by  Smith.^  The  stems  and  roots  of  hundreds  of  sirk 
or  dead  plants  from  various  fields  were  examined.  A  great  many  stems  aiid 
roots  were  also  brought  to  the  laboratory  and  placed  in  tubes  with  the  hope 
that  perithecia  would  develop  upon  them;  yet,  all  these  early  searches  for 
perithecia  were  unsuccessful. 

On  October  31,  1908,  pure  cultures  of  the  internal  Fusarlum  were  obtainetl 
by  aseptic  transference  of  the  mycelium  from  inside  the  stems  to  plates  nf 
cowpea-leaf  agar. 

From  these  original  cultures  very  numerous  transfers  were  made  to  study 
the  effect  of  different  media  upon  the  fungus.  The  fungus  (internal  Fusa- 
rlum) was  grown  on  cowpea  agar,  cowpea-leaf  agar,  carnation  agar,  Irk^h 
potato,  rice,  and  stems  of  green  cowpeas. 

Of  the  last-named  medium  more  than  two  hundred  tubes  were  prepared  and 
inoculated,  as  follows : 

Stems  of  almost  mature  cowpea  vines  were  cut  in  pieces  10-12  cm.  long  and 
placed  in  test  tubes  containing  about  3  cc.  of  water.  They  were  then  auto- 
claved  at  120**  C.  for  twenty  minutes.  All  were  inoculated  with  mycelium  of 
the  internal  fungus. 

This  medium,  it  would  seem,  should  give  the  nearest  possible  approach  of 
any  medium  to  the  natural  food  and  environment  of  the  fungus.  The  asciger- 
ous stage  never  appeared,  however,  although  the  tubes  were  kept  and  exam- 
ined at  intervals  for  more  than  four  months.  Neither  did  the  ascigerous  stage 
appear  on  any  of  the  other  media. 

On  the  same  day  that  the  original  isolation  was  made  (October  31)  pieces 
from  three  diseased  stems  were  placed  in  test  tubes  and  set  away  in  the  labo- 
ratory. 

The  perithecia  of  a  great  many  ascigerous  fungi  (Melanospora  being  spe- 
cially abundant)  developed  on  these  stems.  After  about  two  months  a  few 
bright-red  perithecia  appeared  on  one  of  the  stems.  On  examination,  they 
were  found  to  agree  in  every  particular,  size.  shai)e,  color,  and  general  struc- 
ture of  perithecia,  of  nsci,  and  of  spores,  with  Smith's*  description  of  the 
porithecial  stage  of  Ncocosmospora  vasinfccta. 

On  January  16  one  of  these  perithecia  was  crushed,  placed  in  a  tube  of 
melted  pea  agar,  and  poured  into  a  Petri  dish.    When  the  ascospores  bejrfln 
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to  germinate,  one  of  the  germinating  spores  was  lifted  out  witli  the  aid  of  a 
dissecting  microscope,  and  transferred  to  another  plate.  In  about  a  week 
from  the  time  of  sowing  spores  very  smail  colorless  perithecia  appeared  around 
the  center  of  the  colony ;  the  second  day  after  the  perithecia  were  first  noticed 
they  began  to  turn  red,  and  by  the  end  of  another  week  they  were  of  a  bright- 
red  color  and  contained  ascospores.  Short,  hyaline,  continuous  or  once  septate 
conidia  (microconidia  of  Smith)*  were  also  produced  in  abundance.  This 
colony  was  kept  pure,  and  from  It  the  material  for  the  first  transfers  in  pedi- 
gree cultures  was  obtained.  It  therefore  constitutes  generation  No.  1  in  this 
experiment.  In  all,  fifty-four  colonies  were  produced  from  this  one  peri- 
thecium,  and  every  colony  produced  both  perithecia  and  conidia. 


Fio.  1. — Pedigree  diasram,  showing  method  of  recording  the  pedigrees  of  the  cultures;  b, 
culture  from  original  perithecium:  e.  sin^e  colony  from  b,  generation  No.  1.  Numbers  within 
the  circle  are  the  numbers  of  the  plates. 

Pedigree  Cultures. — By  pedigree  cultures  is  meant,  cultures  in  which  the 
parentage  (whether  ascosporic,  conidial,  or  mycelial)  of  any  colony  can  readily 
be  traced  back  to  the  perithecium  taken  from  the  cowpea  stem.  Concerning 
these  pedigree  cultures,  records  were  kept  of  all  marked  variations  in  every 
colony.  The  parentage  records  were  kept  by  means  of  diagrams,  which  were 
meant  so  far  as  possible  to  show  graphically  the  manner  in  which  each  trans- 
fer was  made  (Fig.  1). 


iSmith.  Ic. 
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U  was  suggested  by  Smith  tliat  remoteness  of  origin  from  the  asoospore 
might  interfere  with  the  perithecia  production  of  this  fungus.  It  was  also 
suggested  to  the  writer  that  by  taking  advantage  of  small  variations  of  the 
fungus  in  the  direction  of  lessened  i^erithecla  production,  it  might  be  possible  to 
l)roduce  a  strain  which  would  not  produce  perithecia  at  all. 

To  test  these  two  points,  transfers  to  new  media  were  made  from  the  orig- 
inal colony  (generation  No.  1)  in  three  ways: 

1.  Bits  of  mycelium  bearing  no  conidla  were  transferred  from  the  extreme 
tnlge  of  the  colony. 

2.  Conidla  were  transferred  by  adding  a  drop  of  water  to  a  conidial  region, 
then  with  platinum  loop  transferring  an  oese  of  this  water  to  new  media. 

3.  Ascosporic  transfers  were  made  by  crushing  perithecia  in  sterile  water 
on  a  sterile  slide,  then  after  careful  examination,  under  a  microscoi>e,  to  see 
that  no  conidia  were  present,  transfers  were  made  with  a  loop  to  new  media. 

Thus,  from  the  single  colony  of  generation  No.  1  the  following  transfei*s 
were  made:  January  30,  seven  mycelial  transfers;  February  (»,  ten  conidial 
(microconidla)  transfers;  and  February  11,  fourteen  ascosjMiric  transfers. 
The  resulting  cultures  constitute  generation  No.  2. 


Fig.  2. — Conidia  bed  from  surface  of  cowpea  stem  killed  by  wilt ;  showinK  tufis  of 
conidia-bearing  hyph®  and  sickle-shaped  conidia,  macroconidia. 

On  February  11,  fourteen  mycelial  and  twenty-eight  conidial  transfers  were 
made  from  the  seven  mycelial  cultures  of  genemtion  No.  2.  On  February  22. 
sixtetMi  mycelial  and  sixteen  conidial  transfers  were  made  from  eight  of  the 
(•(►nidial  cultures  of  generation  No.  2. 

In  these  eiglit  colonies  there  was  a  slight  variation  in  number  of  i>erithecia 
pr(Kluc(Hl  per  colony,  due  i>ossibly  to  bacterial  contamination  in  some  of  the 
plates.  Colony  No.  1  produced  eighty-six  perithecia:  No.  2,  ninety- three ;  No. 
3.  eighty-nine:  No.  4,  sixty-three;  No.  5,  eighty-one;  No.  6,  eighty-two:  No.  7. 
thirty-nine,  and  No.  S  produced  one  liundred  perithecia.  No.  4  and  No.  7 
were  l)otli  i)adly  contaminated  with  bacteria.  Cultures  of  both  conidial  and 
mycelial  origin  prtxluced  perithecia  uniformly  and  in  apparently  equal 
numbers. 

Since  this  time  only  three  straight  lines  of  transfers  have  been  made,  that 
is,  mycelial  transfers  made  from  mycelial  colonies,  conidial  transfers  from 
conidial  colonies,  and  ascosporic  transfers  from  asclgerous  colonies.  This  has 
continutHl  in  case  of  the  mycelial  and  conidial  lines  through  six  generations, 
and  the  ascos[H>ric  line  has  hom\  carried  througli  five  generations. 
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The  mycelial  and  couidial  transfers  were  made  about  every  two  weeks,  wheu 
the  plate  was  nearly  coveretl  by  the  colony.  The  ascosporlc  transfers  were 
not  made  until  spores  were  fully  mature,  emerged  naturally  and  collected  in 
(lark-brown  masses  around  the  osteolum,  which  occurred  in  about  three  to 
four  weeks  after  inoculation. 

So  far  there  has  been  no  apparent  loss  of  power  to  produce  perithecla  in 
either  the  conidial,  mj'cellal,  or  ascosporic  lines,  nor  any  marked  variation  in 
(his  resi)€ct 

To  test  the  effect  of  different  media  on  peritliei'ia  production,  inoculations 
wore  made  onto  plain  aj:ar,  cba\,  cba-f-sodium  asparapinate+glucose,  cba-f- 
^rarcli.  and  cba+glucose.  All  these  media  produced  perithecla.  They  were 
linKhKHMl  most  abundantly  on  cba+sodlum  asparaginate-f-glucose  and  least 
.ibinidantly  on  plain  agar. 


Fig.  3. — Hmall  portion  of  conidia  bed,  sliowing  irregular  branching  of  hyphae. 

To  set^  if  these  changes  in  perithecia-producing  power  were  permanent,  cros.^ 
iiiorulations  were  made  upon  the  two  media.  Two  plates  of  plain  agar  and 
I  wo  of  cba+sodium  asparaginate-f  glucose  were  inoculated  from  a  colony  which 
liad  prcxluced  nine  i>erithecia  per  square  centimeter  on  plain  agar.  A  like 
number  of  plates  was  inoculated  from  a  colony  which  had  produceci  one 
ImiMlred  and  seventy  i>erithecia  \)er  square  centimeter  on  cba+sodium  asparagi- 
luite-f-glacose.  Practically  the  same  number  of  perithecla  was  produced  from 
t'jirh  inoculation,  six  per  8<iuare  centimeter  on  plain  agar  and  one  hundre<1  and 
sixty-seven  per  square  centimeter  on  cba+sodium  asparaginate+glucose. 

These  results  indicate  that  the  amount  of  nourishment  does  not  affect  i»er- 
nianently  the  i)erlthecia-producing  i)ower  of  the  fungus.  It  was  noticed, 
further,  that  the  number  of  perithecia  produc*ed  varied  about  proportionately 
to  the  amount  of  mycelial  growth.  That  is,  when  grown  on  a  medium  rich  in 
nutrients  (such  as  cba+sodium  asparaginate+glucose)  the  fungus  made  a 
luxuriant  growth  of  mycelium  and  produced  perithecia  abundantly,  while  on 
media  i)Oor  in  nutrients  (such  as  plain  agar)  it  made  a  thin,  scanty  growth  of 
mycelium  and  produced  proportionately  few  perithecia. 

Alkaline  Rice. — Tubes  of  rice  were  prepared  and  made  alkaline  as  follows: 
S  grams  of  rice  were  weighed  into  each  tube,  two  cubic  centimeters  of  a  satu- 

^cba  siiEnifies  Chemical  Base  Agar.     For  details  of  compo>ition,  see  article  by  Stevens  and 
Hall,  "Variations  of  Fungi  Due  to  Environment."     Bot.  daz.  48;  pp.  1-30. 
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rated  solution  of  sodium  carbonate  added,  and  autoclaved  for  twenty  minates 
at  120**  C.  These  tubes  were  then  inoculated  with  ascospores.  After  fifteen 
days  a  slight  whitish  growth  could  be  seen  on  the  surface,  and  in  another  week 
it  had  covered  the  surface  of  the  rice.  At  the  end  of  sixty  days  a  grayish 
white  to  dark  steel-gray  stroma  covered  the  surface  of  the  rice  and  an  abun- 
dance of  small  colorless  conidia  was  found.  The  stroma,  however,  showed  dh 
perithecia  even  under  careful  microscopic  examination.  At  this  time  (m- 
tieth  day  from  inoculations)  some  of  the  mycelium  with  conidia  was  trans 
ferred  to  plates  of  cowpea-leaf  agar.  In  a  few  days  perithecia  appeared  in 
abundance  on  the  new  growth.  On  the  ninetieth  day  transfers  were  aeain 
made  from  the  alkaline  rice  to  agar,  with  the  same  results. 

The  ascigerous  fungus  was  grown  on  a  great  many  other  media,  viz.,  asi)Ara 
gus  agar,  carnation  agar,  steamed  potato  (both  Irish  and  sweet),  rice,  steamed 
cowpea  stems  (both  green  and  cured),  and  gelatine.  Perithecia  were  pro- 
duced abundantly  on  all  these  media. 

EFFECT  OF  HEAT  UPON  PROOrCTION  OF  PERITHECIA. 

Twelve  agar  plates  were  inoculated ;  six  were  placed  in  an  incubator  at  2'' 
C.  and  the  other  six  were  left  in  the  open  room. 

Perithecia  appeared  on  the  plates  in  the  incubator  in  forty-eight  hours,  while 
they  did  not  appear  on  the  other  plates  until  the  sixth  day ;  but  the  ultimate 
number  of  perithecia  produced  was  practically  the  same  in  each  case. 


Fio.  4. — Mycelium,  bearing  several  clamydospores  from  old  pea  asar  culture  of  intenu' 
funsus. 

In  none  of  the  experiments  alwve  recorded  was  there  any  evidence  of  any 
tendency  of  a  given  strain  of  the  fungus  to  alter  its  power  of  ascns  produeti*!. 
nor  was  there  evidence  that  external  conditions  exert  any  permanent  influen'' 
upon  this  power. 

Smith's*  evidence  that  the  two  forms  are  genetically  connected  did  not  st^r. 
to  the  writer  to  be  entirely  conclusive.  Since  Smith's  bulletin  setting  forth  hi^ 
conclusions  treats  of  wilt  of  cotton,  watermelon,  and  cowpea,  it  is  not  alwaj* 
dear  what  evidence  he  claims  in  the  case  of  each  separate  host.  Careful  rva- 
ing  shows  that  all  the  clear  evidence  definitely  referring  to  the  fungus  upon  t^i? 
cowpea  that  can  bo  found  in  his  bulletin  is  comprised  in  the  two  facts,  t*.  * 


»Smith.  Ic. 
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perithecia  of  Neocosmospora  are  frequently  found  on  the  plants  which  have 
been  killed  by  the  internal  fungus,  and  that  ascospores  from  these  perithecia 
produced  conidia  which  very  much  resemble  the  microconidla  of  the  internal 
fungus. 

As  to  the  first  of  these  facts,  such  occurrence  of  perithecia  is  altogether  too 
rare  to  have  very  great  weight  as  evidence  that  the^two  fungous  forms  are 
genetically  connected.  Smith*  reports  the  wilt  disease  from  eleven  localities, 
while  the  peritheclal  stage  is  only  reported  from  three  of  these. 

Atkinson  reports  the  cotton  wilt  from  seven  localities,  but  does  not  report 
any  peritheclal  stage.  Since  that  time  wilt  disease  caused  by  a  Fusarium 
very  similar  or  identical  with  Fusarium  vaHnfectum  Atk.  have  been  studied 
by  many  pathologists  in  diverse  sections  of  the  world ;  but,  so  far  as  I  can  find, 
no  one  except  Smith  and  Orton  has  reported  the  ascigerous  stage  of  Neocos- 
mospora in  connection  with  them.  In  my  own  experience,  the  Neocosmospora 
perithecia  have  been  found  on  only  three  plants.  In  the  fall  of  1908  stems  of 
a  great  many  diseased  plants  were  put  up  in  test  tubes.  Only  one  of  these 
developed  perithecia.  Of  fifty  stems  and  roots  put  up  in  this  way  In  1909  only 
two  developed  perithecia  of  Neocosmospora. 

The  perithecia  of  several  other  ascigerous  fungi  (notably,  Melanospora) 
were  found  much  more  frequently  on  these  stems  than  was  Neocosmospora. 
Although  hundreds  of  cowpea  stems  dead  or  diseased  by  the  Fusarium  wilt 
have  been  examined,  I  have  never  found  the  peritheclal  stage  of  Neocos- 
mospora in  the  field. 


Fio.  5. — Perithecium  from  artificial  culture  on  cowpea  stem  (perithecium  x  50,  asci  x  280). 

Smith*  also  stated  further:  "In  the  interior  of  these  plants,  both  in  the 
vessels  and  in  parenchyma  cells,  there  was  an  abundance  of  mycelium  bearing 
great  numbers  of  small  colorless  (white)  elliptical  microconidia,  and  at  the 
same  time,  on  the  outside,  on  the  salmon-colored  conidia  beds,  enormous  num- 
t^ers  of  big  lunulate,  3  to  5-septate  macroconidia,  the  hyphce  of  the  fungus 
being  readily  traceable  outward  from  the  plugged  or  partially  occupied  vessels 
of  tbe  plant  to  the  conidia  beds  on  the  surface."  This,  however,  cannot  be 
considered  as  evidence  that  the  internal  fungus  is  genetically  connected  with 
Neocosmospora ;  because  Neocosmospora  does  not  produce  these  larg^  lunulate 
3  to  5-septate  spores  such  as  are  found  In  the  external  conidia  beds. 

COMPARATIVE  CULTURES. 

While  making  cultures  such  vast  difl'erences  were  observed  between  the  gen- 
eral appearance  of  the  internal  fungus  and  that  of  the  ascigerous  fungus  that 


iSmith,  Ic,  p.  33. 
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it  was  thought  best  to  make  a  comparative  study  of  these  two  fuugi  to  see  if 
the  differences  were  constant  and  would  appear  when  the  two  fungi  or  strain;! 
were  grown  on  the  same  media  and  under  the  same  environment.  The  com- 
parative cultures  were  made  on  pea  agar,  gelatine,  rice,  Irish  and  sweet  i>ota- 
toes,  stems  from  cured  cowpea  hay,  and  stems  from  green  cowiwas. 


Fio.  6. — Ascospores,  from  Irish  potato;  the  surface  of  one  roughened,  the  other  smooth 
(X  1050). 

On  Pea  Agar  tlie  internal  fungus  made  a  profuse  white  aerial  growth  and 
large  sickle-shaped  3  to  5-scptate  conidia,  macroconidia.  were  produced  abun- 
dantly over  the  surface  of  the  medium.  At  the  point  of  inoculation  a  rather 
large  yellow  cluster  of  these  macroconidia  was  always  produce!.  Small  l-s*i» 
tate  or  continuous  conidia.  microconidia,  were  also  found  in  abundance. 


Fig.  7. — Cultures  on  Irish  potato,  8  days  after  inoculation, 
showing  difference  in  growth  of  intenial  fungus  tubes,  a  and  c,  and 
ascigorous  fungus  t  ubes,  b  and  d. 

The  ascigerous  fungus  prcnluced  an  almost  colorless,  strict  growth.  N" 
yellow  spore  clusters  were  ever  produced  and  no  3  to  5-septate  conidia  were 
ever  found.  Small,  hyaline,  continuous  or  once  septate  conidia,  very  similar 
to  the  microconidia  of  the  luterunl  fungus,  were  found  in  abundanc*\ 
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On  Rice. — Probably  the  most  striking  differences  sliown  on  any  medium  were 
the  different  colorations  produced  by  tlie  internal  fungus  and  the  ascigerous 
fniiprus,  particularly  on  rice. 


Fio.  8. — Old  Irish  potato  cultures — b, 
internal  fungus,  showing  sclerotia  and  white 
floccose  growth;  d.  ascigerous  fungus,  show- 
ing numerous  perithecia  and  scant  mycelial 
growth. 

Eight  tubes  of  boiled  ri<'e  were  prepared  as  follows:  Eight  grams  of  rice 
were  weighed  into  each  tube  and  two  cc.  of  water  added.  The  tubes  were  then 
autoclaved  twenty  minutes  at  320**  (\  and  inoculated;  four  with  conldia  from 
ajrnr  (*ultures  of  the  internal  fungus  and  four  with  the  ascigerous  fungus. 


Fia.  9. — Section  of  sclerotium  showing  compact  mycelial  structure  (photo  micrograph). 

The  internal  fungus  again  made  a  nmch  more  vigorous,  profust*  growth.  On 
the  fourth  day  from  inoculation  a  few  grains  in  the  top  of  tulM»8  inoculateti 
with  the  internal  fungus  began  to  turn  red.  The  re<l  color  gradually  passed 
4lo\%'ii  uiitil  all  the  rice  in  the  tube  sliowed  some  shade  of  red,  from  light  rose 
to  deep  blood-red.  As  the  cultures  aged,  the  coloration  gradually  deepened 
until  (generally,  third  or  fourth  week)  it  was  a  bluish  purple.  As  the  rice 
dried  out  and  shrank  away  from  the  sides  of  tlie  tubes  a  profuse  cottony 
growth  of  mycelium  was  generally  produced.  Macroconldia  were  produced, 
but  not  so  abundantly  as  on  agar.     Microconidia  were  very  abundant. 

Ill  the  tubes  inoculated  with  the  ascigerous  fungus  the  coloration  began  as 
with  the  internal  fungus;  except  that  it  was  about  two  days  later  in  appear- 
ing, and,  instead  of  turning  the  rice  reil,  it  was  change<l  to  a  dirt/  brown 
oolor.     This  did  not  change  further,  except  possibly  to  l)ecome  slightly  darker 
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brown  as  the  rice  dried  out.  Perithecia  were  produced  quite  freelj*,  but  they 
were  not  so  red  as  on  potato  and  most  other  media.  The  short  uniseptate 
spores  were  quite  abundant.  No  siclcle-shaped  3-5  septate  conidia  were  found. 
On  Gelatine  stab  cultures  the  internal  fungus  made  a  rapid  growth,  entirely 
covering  the  surface  of  the  medium  in  seven  days  with  a  profuse,  white,  aerial 
growth,  which  changed  to  a  light  pink  color  at  the  end  of  two  weeks.  Some 
growth  was  made  throughout  the  full  length  of  the  stab. 


Fio.  10. — Cultures  on  green  cowpea  stems  showing  luxuriant 
white  growth  of  internal  fungus,  tubes  a  and  c,  and  scanty  grajrish 
growth  of  ascigerous  fungus,  tubes  b  and  d. 

The  ascigerous  fungus  made  a  very  slow  growth.  Fourteen  days  were  re- 
quired for  the  strict,  light  brownish  mycelial  growth  to  covir  the  surface  of 
the  medium ;  three  weeks  to  cover  it  with  a  mass  of  blood-red  perithecia.  N«» 
growth  was  made  below  the  surface  of  the  gelatine. 
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On  Potato. — The  Internal  fungus  made  a  very  profuse  white  atrial  growth, 
while  the  perithecial  fungus  made  a  slow  growth  of  grayish  mycelium  which 
was'  only  slightly  aerial.  This  difference  of  growth  is  shown  in  Figs.  7  and  8, 
which  represent  two  tubes  of  each  fungus  six  days  after  inoculation.  The 
mycelium  of  the  internal  fungus  began  to  turn  pink  after  it  had  grown  seven 
days,  and  yellow  clusters  of  spores  appeared  at  points  over  the  surface  of  the 


Fio.  11. — Cultures  on  stems  of  cured  cowpea  hay,  showing  luxuriant 
white  growth  of  mternal  fungus,  tubes  d,  e  and  f,  and  scanty  mycelial 
growth  and  abundant  perithecia  of  external  fungus,  tubes  a,  b  and  c. 

|M>tato.  What  ai»pears  to  be  sclerotia  (Figs.  8  and  0)  were  also  produced  on 
every  iK)tato  inoculated  with  the  internal  fungus.  Four  days  after  inoculation 
with  the  ascigerous  fungus  onto  potato  a  cluster  of  almost  colorless  perithecia 
could  be  seen  at  the  point  of  inoculation.  This  cluster  gradually  widened  and 
became  darker  until  at  end  of  two  weeks  the  whole  surface  was  covered  with  a 
mass  of  brick-red  perithecia.  No  yellow  spore  clusters  or  sclerotial  bodies  wtn*e 
produced  by  the  ascigerous  fungus.  Digitized  by  VjUUV  It: 
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On  uteamcd  stems  of  coicpca  hay  the  growth  of  both  fungi  was  very  similar 
to  that  on  Irish  potato.  The  Internal  fungus  produced  many  yellow  siM)re 
clusters  and  also  many  small  black  solerotial  bodies  similar  to  the  bodiejs 
produced  on  the  potato,  except  that  those  on  the  pea  stems  were  much  smaller. 
The  perithecial  fungus  again  produce<l  a  light  grayish  growth  of  myn*iiuiii 
and  many  bright-red  perithecia,  but  no  yellow  spore  clusters  and  no  scleroTi:i. 


Fig.  12. — Portion  of  compact  rhizomorphic 
strand  of  the  fungus  from  sweet  potato  culture  of 
ascigerous  stage ;  a  is  a  young  pent  heciura  (photo- 
micrograph). 


FiQ.  13. — Portion  of  tip  of  rhizomorphic  strand  similar  to  Fig.  12  (x  385). 

On  autorUired  fjrvcn  coicpca  stems  the  internal  fungus  rapidly  made  a  verr 
profuse  cottony  growth  of  mycelium  (Fig.  10),  tubes  a  and  r.  Comparfltivti.v 
few  conidia  of  any  kind  were  produced.  Both  micro-  and  macro-conidia  wen 
found. 
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The  ascigerous  fungus  made  very  poor,  scanty  growth  at  first.  Even  two 
weeks  after  inoculation  scarcely  any  mycelium  could  be  seen.  By  the  end  of 
the  third  week»  howerer,  the  growth  of  mycelium  had  become  more  prominent 
(Fig.  10,  tubes  h  and  d)  and  perithecia  began  to  appear  abundantly.  The 
mycelium,  however,  was  of  a  grayish  white  color  and  never  became  so  flocctise 
or  profuse  as  that  from  the  internal  fungus.    No  macroconidia  were  found. 

On  Sweet  Potato  the  growth  of  the  internal  fungus  was  very  similar  to  that 
on  Irish  potato. 


Fig.  14. — Single  branch,  near  tip  of  riiizomorphlc  strand,  bearing  a  young  peril tiecium  (x 

The  ascigerous  fungus,  however,  was  very  different  on  this  medium  from  its 
growth  on  the  Irish  potato.  The  mycelium  extended  out  from  the  surface 
of  the  potato  in  long,  compact  rhizpmorphic  strands  (Figs.  12  and  13).  Peri- 
thecia were  produced  in  these  strands  in  abundance,  being  occasionally  pro- 
duced on  single  short  branches  (Fig.  14).  Small  continuous  or  1-septate 
conidia  were  also  produced  in  abundance  on  short  fertile  hyphae  (Figs.  15  and 
16).  Considered  alone,  the  habit  on  this  medium  would  place  the  conidia  1 
stage  of  Neocosmospora  in  the  Stilbaceae. 

To  these  points  of  difference  as  brought  out  in  my  own  cultures  I  may  add 
that  Smith  failed  to  secure  inoculations  when  the  ascigerous  fungus  was  used, 
though  the  parasitism  of  the  internal  fungus  has  never  been  brought  to  ques- 
tion.   His  words  are : 
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"Cowpea  inoculations  failed  with  the  fungus  derived  from  ascospores  of  the 
cowpea  fungus.  Nine  large  pots  were  used,  but  all  of  the  170  plants  remained 
free  from  disease  directly  attributable  to  the  Neocosmospora,  although  under 
observation  for  many  months.  These  were  soil  inoculations,  and  an  abun- 
dance of  the  fungus  was  used." 


Fias.  15  AND  16. — Fertile  hyphae  from  rhisomorphic  strand  bearine  microconidia  (s  3S5'. 


GENEBAIi  DISCySSION. 

It  will  be  noted  that  there  are  several  general  points  of  difference  between 
the  two  fungi  under  discussion,  and  that  these  are  maintained  in  all  culturft?. 
The  following  are  the  most  prominent  among  these  differences : 

First.  Perithecla  are  continuously  produced  in  cultures  of  the  ascigerous 
form,  while  they  were  never  found  in  cultures  of  the  Internal  fungus. 

Second.  There  is  a  striking  difference  in  the  appearance  of  the  mycelial 
growth  of  the  two  fungi.  The  Internal  fungus  on  all  media  produced  a  more 
atrial  and  more  floccose  white  mycelium  than  the  ascigerous  fungus.  The 
growth  of  the  internal  fungus  on  all  media  was  more  vigorous  and  rapid  than 
that  of  the  ascigerous  fungus. 

Third.  Large  sickle-shaped  3-5  septate  conidia  (macroconidia)  were  present 
in  all  cultures  of  the  internal  fungus.  They  have  never  been  found  in  any 
cultures  of  the  ascigerous  fungus. 

Fourth.  Olamydospores  are  found  in  all  old  cultures  of  the  internal  fun?n^ 
They  were  never  found  in  any  culture  of  the  ascigerous  fungus. 

Fifth.  There  seems  to  be  no  tendency  whatever  on  the  part  of  the  ascigervus 
fungus  to  produce  bright  colors  (yellow,  red,  pink,  or  purple)  in  any  of  the 
substrata  employed.  These  colors  are  vivid  where  the  internal  fungus  is 
grown  on  starchy  substrata. 
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These  and  other  differences  noted  are  made  more  comprehensive  to  the  eye 
of  the  reader  in  the  following  tabulation : 


ASCIGEBOUS  FUNGUB. 

1.  Perithecla  always  present  1. 

2.  Growth  slow.  2. 

3.  Mycelium  never  pure  white.  3. 

4.  Mycelial  growth  generally  4. 

scanty, 

o.  Mycelium  usually  strict.  5. 

6.  Macroconidia  never  found.  6. 

7.  Clamydospores  never  found.  7. 

5.  Xo    bright    color    (red,    yellow,  S. 

pink,  or  purple)  produced  in 
any  substrata. 


u.  No  yellow  spore  clusters  ap-  9. 

peared. 

10.  No  growth  below  surface  of  gela-  10. 

tine. 


INTERNAL  FUNGUS. 

Perithecla  never  present. 

Growth  rapid. 

Mycelium  on  most  media  pure 
white. 

Mycelial  growth  profuse  on  rich 
media. 

Mycelium  aerial,  floccose. 

Macroconidia  always  found. 

Clamydospores  in  all  old  cul- 
tures. 

Bright  colors  produced  on 
starchy  food  (many  shades  of 
red  and  purple  in  rice,  yellow 
to  pin^in  potato,  and  pink  in 
gelatine). 

Yellow  spore  clusters  on  agar, 
potato,  and  stems  of  cured 
cowpea  hay. 

Growth  produced  below  surface 
of  gelatine. 


While  these  differences  do  not  prove  conclusively  that  the  internal  fungus 
and  the  Neocosmospora  studied  are  not  simply  different  strains  of  the  same 
fundus,  yet  it  would  seem  that  these,  with  the  other  evidence  presented,  are 
sufficient  to  at  least  balance  any  evidence  which  I  have  been  able  to  find  to  the 
cx>ntrary  and  to  reopen  this  question,  which  has  been  regarded  as  closed. 

The  evidence  for  and  against  this  question  may  be  comprehensively  sum- 
marized as  follows: 


Indications  that  the  internal  fungus 
atid  Neocosmospora  are  genetically 
connected. 

1.  Perithecla  of  Neocosmospora  are 

found  on  stem  and  roots  of 
plants  killed  by  the  internal 
fungus. 

2.  When  grown  in  cultures  Neocos- 

mospora produces  conldia  very 
similar  to  the  microconidia  of 
the  internal  fungus. 


Indications  that  the  internal  fungus 
atid  Neocosmospora  are  not  genet- 
vcally  connected, 

1.  Perithecla  are  found  very  rarely 
on  such  plants. 


2.  Perithecla  of  many  other  ascig- 

erous  fungi  are  found  on  such 
stems. 

3.  The  perithecla  1  stage  of  Neocos- 

mospora has  never  been  re- 
ported in  connection  with  Fu- 
sarium  wilts  in  other  coun- 
tries. 

4.  Neocosmospora  has  not  been  ob- 

served to  produce  macrocon- 
idia. The  Internal  Fusarium 
does. 

5.  The    Internal    fungus    produces 

clamydospores.  Neocosmo- 
spora does  not. 
G.  It  has  so  far  been  impossible  to 
change  one  fungous  form  into 
the  other ;  i.  e.,  to  stop  perma- 
nently the  production  of  perl- 
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thecia  by  yeocosmospora  or  to 
obtain  a  perithecla-producinj: 
strain  from  the  internal  fun- 
gus. 
7.  The  two  fungi  are  very  dissim- 
ilar in  general  appearance,  in 
manner  of  growth,  and  in 
their  reactions  on  yarious  sub- 
strata, as  shown  in  detail 
above. 

SEXUALFTY  OF  PEBFTHECIA. 

In  view  of  the  interesting  sexual  relations  shown  in  the  Mucorales^  it  is  nf 
interest  to  note  that  single  hyphie  of  Neocosmospora  can  produce  peritheei:i. 
Therefore,  if  the  perithecia  of  Neocosmospora  are  the  result  of  any  sexual  act 
nt  all,  it  must  be  simply  between  branches  arising  from  the  same  hyphsp.  Thar 
'they  do  not  arise  fron^  union  of  the  two  hyphse  of  separate  origin  is  sho^vn  iu 
conditions  such  as  that  in  Fig.  14. 

CONCLUSION. 

In  the  light  of  the  above  facts,  it  is  unreasonable  to  conclude  that  the  Inter 
nal  fungus  (Fwartum  vasinfectum  4tk.)  and  Neocoamoapora  are  geneticallr 
related.  For  the  present  and  until  evidence  is  found  to  the  contrary,  it  seems 
best  to  regard  the  Neocoamospora  as  simply  an  accidental  saprophyte,  harins: 
no  relation  to  the  wilt  of  the  cowpea  or  to  the  internal  fungus,  Fusarium  vasiu- 
fectum,  which  is  probably  the  true  cause  of  the  wilt 


iBlakesley,  A.  F.,  Sexual  Reproduction  in  the  Mucorineae.  Proc.  Amer.  Acad.  Arts  ano 
Sd..  40,  4.  1904. 

Note. — While  the  present  article  was  In  the  hands  of  the  printers  my  attention  was  called 
to  an  abstract  in  Annales  Mycologici  8  April,  1910,  p.  265-6,  of  an  article  by  Dr.  E.  J.  Butler. 
which  upon  different  grounds  sustains  my  own  position  regarding  Neocosmospora,  Dr.  Butler 
worked  with  a  wilt  disease  of  chick-pea  (Cicer  artetrium).  He  found  the  penthecia  of  Xcoco^- 
mospara  on  the  dead  vines,  but  considered  it  simply  a  soil  parasite  bavins  no  connectica  what- 
ever with  the  Fuaarium  which  caused  the  wilt.  I  have  not  yet  seen  his  original  article,  so  do 
not  know  exactly  the  evidence  upon  which  his  conclusion  is  based.  B.  B.  H. 
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THE   SCTTPPEBVOVO   AS   A   PEOFITABLE   CROP -METHODS   OF 

OEOwnro,  keepieo,  avd  wiee-makieo-vsed  at  its 

PLACE  OF  OEIOIE.  

By  W.  C.  ETHERIDGE. 


A  large  part  of  North  Carolina,  particularly  the  eastern  sound-bordering 
«-<»untie8.  offers  an  opportunity  to  the  farmers  located  therein  for  the  develop- 
ment .of  a  substantial  industry  which  may  be  carried  to  advantage  along  with 
the  usual  farm  operations  of  the  locality,  or  taken  singly  and  more  exten- 
'^ively. 

This  is  the  growing  for  commercial  purposes  of  Scuppemong  grapes,  to 
which  the  section  is  ideally  adapted  in  soil  and  climate.  With  such  natural 
advantages  there  is  wonder  that  this  industry  remains  undeveloped  when  the 
only  other  factor  wanting  is  a  market,  the  .lack  of  which  may  be  attributed 
more  to  an  absence  of  enterprise  in  seeking  than  to  its  nonexistence,  for  un- 
doubtedly with  some  effort  and  advertising  a  market  could  be  found  for  the 
delicious  light  wine  that  may  be  produced  from  the  Scuppemong  grape.  There 
are.  to  be  sure,  a  few  large  vineyards  in  the  State  operated  on  a  commercial 
basis  by  several  wine  companies  of  another  State ;  but  with  the  small  farmer, 
to  whom  the  Scuppemong  might  be  made  to  yield  as  reliable  revenue  as  his 
staple  crops,  the  industry  is  dormant. 

These  grapes  are  very  easily  grown,  requiring  no  other  care  than  repairs  to 
tlie  scaffolding  or  trellis  every  few  years  and  an  occasional  pruning;  in  fact, 
rht're  is  probably  no  other  fruit  that  will  thrive  with  the  minimum  of  care 
and  attention  which  is  sufficient  for  the  Scuppemong.  The  writer  has  in 
mind  a  very  old  vine  which  has  received  practically  no  care  for  over  a  hun- 
•Ired  years,  beyond  repairs  to  the  scaffolding,  and  yet  it  fruits  vigorously. 

The  vinos  are  always  propagated  from  runners  which  may  be  had  from  any 
t^^tablished  vine  by  pulling  or  digging  up  the  overhanging  and  rooted  branches. 
Theise  should  be  set  out  in  the  fall,  and  may  be  trained  either  on  a  scaffold  or 
trellis,  the  former  requiring  less  attention,  while  the  latter  affords  easier 
rw-cess  for  pruning  and  gathering  the  fruit  and  gives  the  vine  more  fruit- 
tM>aring  8urfact\  If  a  scaffolding  is  used,  the  main  posts  should  be  of  fat  pine. 
:f  obtainable,  as  these  will  last  indefinitely,  although  cypress  and  Juniper 
make  very  good  ones  if  the  part  that  is  to  be  burled  is  given  a  coating  of  tar. 
The  running  poles  are  best  if  of  large  cypress,  or  juniper  saplings,  B  to  5 
Inches  in  diameter,  stripped  of  their  bark ;  yet  any  sort  of  pole  or  rail*  may  l>e 
used  for  this  purpose,  as  it  may  easily  be  replaced  when  rotten.  If  trellislng 
'i  preferred,  convenience  may  again  be  regarded  in  the  selection  of  posts,  as 
on  account  of  their  small  size  it  is  not  difficult  to  replace  them  when  needed. 

Wben  the  vines  are  trained  on  a  scaffold,  pruning  presents  the  only  difficulty 
That  oc<*ur8  in  their  keeping,  and  this  is  obviated  by  the  lack  of  actual  neces- 
sity for  it  By  pulling  the  dead  wood  out  of  the  vine  once  in  several  years  it 
••an  be  kept  in  fairly  good  condition.  A  trellised  vine  would,  however,  require 
more  attentive  pruning. 

For  making  wine  oftly  ripe  and  perfectly  sound  grapes  should  be  ,usetl. 
Wlien  fally  ripe  they  are  shaken  into  large  sheets  of  burlap,  or  cloth,  spread 
underneath  the  vine,  the  shaking  being  easily  accomplished  by  jarring  the 
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vine  with  a  pole  crotched  at  one  end  by  which  a  hold  is  obtained  on  the  vine. 
Such  trash  from  the  vine,  leaves  and  broken  bits  of  stems  or  twigs,  as  may 
have  fallen  Into  the  sheet  is  carefully  picked  out  and  the  grapes  are  ready 
for  the  press. 

The  process  is  very  simple,  being  only  a  flat,  shallow  trough  alK)ut  S  feet 
long,  3%  feet  wide  at  one  end.  tapering  down  to  about  18  inches  at  the  other, 
and  having  fixed  at  about  30  Inches  from  the  wider  end  a  wooden  roller  6  or 
8  inches  in  diameter.  This  roller  is  covered  spirally  with  strips  of  leather 
which  give  it  a  better  catch  on  the  grapes  and  make  it  less  liable  to  smash  the 
seed  than  if  its  surface  were  bare.  To  either  or  both  ends  is  fitted  a  crank 
for  turning.  When  in  use.  the  trough  is  fixed  bet^veen  four  posts  at  a  n>n 
venient  height  for  pouring  in  the  grapes  and  is  slightly  inclined  for  the  flow 
of  the  juice.  The  grapes  are  poured  into  the  trough  behind  the  roller,  and  it 
is  slowly  turned  over  them,  crushing  out  the  Juice,  which  is  received  into  a 
pail  or  tub  placed  beneath  the  lower  end  of  the  trough  and  is  then  strained 
into  stands  usually  made  by  sawing  a  good  oaken  barrel  through  the  middle. 
The  Juice  is  afterward  filtered  through  some  material  that  will  catch  the 
smaller  rags  of  pulp  and  broken  bits  of  seed  which  have  escaped  the  strainer. 
A  filter  commonly  used  in  the  eastern  part  of  the  State  is  made  of  small  piece? 
of  sea-shells  wrapped  or  mixed  with  clean,  bright  broom-grass  and  placed  in 
a  large  funnel.    This  is  very  effective  in  clearing  the  Juice. 

After  filtering,  the  Juice  is  transferred  to  barrels,  where  it  may  be  sweet- 
ened at^once  or  after  fermentation,  this  depending  upon  the  quality  of  wine 
desired.  If  the  sweetening  is  done  before  the  Juice  ferments  the  wine  retains 
much  of  the  mild,  natural  flavor  of  the  ripe  fruit,  but  does  not  have  the  body, 
or  "tang,'*  that  results  if  fermentation  is  first  allowed.  The  amount  of  sugar 
to  be  used  in  sweetening  is  between  two  and  three  pounds  per  gallon  of  Juice, 
and  varies  with  the  time  the  wine  is  to  be  kept:  if  it  is  int^ided  for  use 
within  a  year  or  two,  less  sugar  is  required  than  if  the  wine  is  to  be  aged: 
and  less  is  needed  if  the  sweetening  is  done  before  than  after  fermentation. 
After  the  Juice  is  in  the  barrels  the  bungs  are  left  out  until  all  the  fermenta- 
tive gases  have  escaped,  and  are  then  driven  tightly  in. 

Converting  the  fruit  into  wine  is  easily  the  most  profitable  disposal  that 
can  be  made  of  it.  provided  a  market  can  be  found.  A  bushel  of  grapes  will 
yield,  even  with  the  present  crude  methods  of  pressing,  three  gallons  of  wine, 
exclusive  of  the  sugsir  added  in  sweetening.  This  should  sell  for  at  least  $2 
iver  gallon,  making  a  gross  return  of  $6  per  bushel  for  the  grapes.  The  cost 
of  making  the  wine  is  small,  as  the  method  is  a  simple  and  easy  one,  requir- 
ing: little  skill  and  no  apparatus  that  may  not  be  provided  at  home  The  only 
matorijil  entering  into  the  process  that  need  call  for  a  direct  expenditure  is 
the  sufrnr  used  in  sweetening,  and  even  this  is  used  at  a  profit,  as  it  increases 
the  volume  of  the  wine  in  al>out  the  same  proportion  as  its  own  volume,  the 
value  of  tho  extra  quality  of  wine  prmiu<-etl  exceeding  the  cost  of  the  sugar. 
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II.-STVDIES  IS  SOIL  BACTEEIOLOGT'-AMMOVIFIGATIOV  IS 
SOILS  AVD  IN  SOLUTIONS. 


By  F.  L.  STEVENS  and  W.  A.  WITHERS,  assisted  by  J.  C.  TEMPLE  and  W.  A.  SYME. 


In  an  earlier  article*  we  called  attention  to  the  fact  that  inoculation  of 
soils  into  solutions  gives  no  adequate  criterion  of  the  nitrifying  powers  of 
soils,  owing  to  the  fact  that  some  nitrifying  soils  fail  entirely  to  nitrify  in 
solutions,  and  that  when  in  other  cases  nitrification  occurs  to  some  extent  in 
each  medium,  the  amount  of  nitrification  in  solutions  is  not  commensurate 
with  the  amount  of  nitrification  by  the  same  soils,  as  soils.  The  question  natu- 
rally arises  whether  a  similar  condition  does  not  exist  regarding  the  process 
of  ammonificatlon. 

Ammonification'  for  the  present  purpose  may  be  defined  as  the  conversion 
of  organic  nitrogen  Into  ammonical  nitrogen.  It  is  probably  the  most  Impor- 
tant of  all  the  nitrogen  transformations,  and  accurate  knowledge  of  the  con- 
ditions which  favor  it  Is  of  permanent  Importance. 

The  studies  of  ammonification  which  have  been  made — and  they  are  very 
numerous  and  important — have  been  conducted  by  Isolating  organisms  and 
studying  the  chemical  transformations  induced  by  such  pure  cultures  In  solu- 
tions of  artificial  composition,  or  by  throwing,  in  various  ways,  complexes  of 
species  In  the  form  of  small  amounts  of  soils,  or  of  suspensions  derived  from 
soils,  into  solutions  for  the  purpose  of  study. 

In  view  of  the  importance  of  the  subject  and  in  view  of  the  doubts  cast 
ui)on  the  validity  of  results  arrived  at  by  present  methods  of  studying  am- 
monification, a  series  of  exi)eriments  was  undertaken  to  ascertain  whether 
reliable  conclusions  regarding  the  ammonifying  power  of  a  soil  can  be  had  by 
study  of  its  effects  when  Inoculated  into  solutions. 

The  bacteriological  methods  used  were  similar  to  those  described  in  the 
earlier  paper  mentioned  above,  with  exception  as  to  the  form  of  nitrogen  used,* 
and  may  be  so  understood  unless  special  description  is  given. 

CHEMICAL   METHODS. 

To  400  grams  of  soil  were  added  10  cc.  of  chloroform  and  water  sufficient, 
with  that  already  present  in  the  soil,  to  make  1,200  cubic  centimeters,  and 
the  mixture  shaken  for  one  hour.  After  settling  somewhat,  the  solution  was 
filtered  through  a  Pasteur-Chamberland  filter.  An  aliquot  part  was  taken. 
Nitrogen  in  the  form  of  ammonia  was  liberated  by  magnesium  oxide,  caught 
In  a  standard  acid  solution  and  titrated  with  a  standard  alkali  solution. 

When  the  amount  of  ammonia  was  very  small  it  was  nesselrized  instead  of 
being  titrated. 

The  amounts  are  expressed  In  terms  of  nitrogen. 


iPublished  in  Centbl.  Bakt.  (etc.),  2  Abt..  23  (1909),  Nos.  21-25.  pp.  776-785. 

>Stevens  and  Withers,  studies  in  soil  bacteriology — Nitrification  in  soils  and  in  solutions. 
fThirty-fli»t  Rpt.  N.  C.  Expt.  Sta.,  pp.  40-63)  and  Centbl.  Bakt.  (etc.),  2  Abt..  23  (1909),  Nos. 
10-13.  j>p.  355-373. 

•Stevens  and  Withers,  Ic. 
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EXPERIMENTS. 

Experiment  62  was  designed  to  test  the  relative  rapidity  of  ammonificatioii 
in  soils  as  compared  with  solutions.  Two  hundred  and  forty  milligrams  of 
nitrogen  as  peptone,  asparagln,  and  cotton-seed  meal  respectively  were  on 
December  12,  1907,  placed  In  500  cc.  Erlenmeyer  flasks,  400  cc.  of  tap  water 
was  added  to  each  and  the  whole  autoclaved  at  115**  for  15  minutes,  then 
inoculated  with  1  cc.  of  soil  suspension  from  experiment  32'  and  allowed  to 
stand  nine  days. 

Two  hundred  and  forty  milligrams  of  nitrogeh  as  peptone,  asparagln.  an<l 
cotton-seed  meal  respectively  were  also  mixed  with  400  grams  of  soil  ]86«». 
The  mixture  was  autoclaved  as  above  and  inoculated  with  10  cc.  of  soil  sus- 
pension from  experiment  32  in  such  a  way  as  to  be  about  two-thirds  satnratt^l 
after  inoculation,  apd  then  allowed  to  stand  twelve  days.  Analyses  at  the  em] 
of  the  period  gave  results  indicated  in  Table  I. 

Table  I. — Showing  a  Different  Intensity  of  Ammonification  in  Soils 

AND  IN  Solutions. 


CONDITION'S. 


Ke8UI;i». 


Sample  _. 
Number  Time    of 

Incuba-     Medium — 

tion—  Kind. 

Days. 


Inoculum. 


Kind. 


1938 

9 

1939 

9 

1940 

9 

1955 

12 

1956 

12 

1957 

12 

Water..-'..    SoU 

Water Suspension  from 

Experiment  32 

Water ,  Suspension  from 

Experiment  32 
(Sterile  soil      Suspension  from 

1866.)  Experiment  32 

(Sterile  soil     Suspension  from 

1866.)  Experiment  32 

(Sterile  soil      Suspension  from 

1866.)  Experiment  32 


Quan- 
tity 
in  cc. 


1 

1 

1 

10 

10 

10 


Form  of 

InitUi 

Nitrogen. 


Ammoniacal 

Nitrogen 
Recovered. 


Percent. 


Mgs.  per 

100  cc. 
Solution. 


Peptone 

Asparagln.. 
C.  S.  M.»... 

Peptone 

Asparagln. - 
C.  S.  M 


I 
72.5«i 

100.0  I 

36.5  I 

.  26.6 

32.9 

23.1 


43.5 
60  (I 
21  9 
106  4 
135  6 
92..  4 


It  Is  seen  here  that  though  the  soil  culture  received  ten  times  as  large  an 
Inoculum,  i.  e.,  ten  times  as  many  bacteria,  and  stood  three  days  longer/ the 
ammonia  produced  In  it  from  peptone  was  36  per  cent  of  that  produced  In 
solution,  33  per  cent  in  the  case  of  asparagln,  and  65  per  cent  in  the  case  of 
cot  ton-seed  meal. 

While  the  experiment  does  not  admit  of  definite  conclusions,  because  of  the 
lack  of  parallelism  in  duration  of  the  experiment  and  amount  of  inoculum,  \x 
certainly  Indicates  very  strongly  that  there  is  a  great  difference  in  the  am- 
monifying power  of  this  soil  under  the  two  conditions,  i.  e.,  (1)  when  inocu- 
lated into  solution,  (2)  when  inoculated  Into  soil  Itself. 

'Stevens  and  Withers.  Ic. 

<The  ammonia  originally  present  was  determined  and  found  to  be  of  negligible  quantity. 

&C.  S.  M.  signifies  cotton-seed  meal. 


Digitized  by  VjOOQIC 


AMMONIFICATION  IN  SOILS  AND  SOLUTIONS. 


121 


Experiment  63  was  begun  on  December  7,  1907,  precisely  as  experiment  62, 
except  that  the  Inoculum  was  greenhouse  soil  1866. 
The  results  are  shown  in  Table  II. 

Table  II. — Showing  a  DiFrEBENT  Intensity  of  Ammonification  in  Soils 

AND  IN  Solutions. 


Conditio  N8. 


HE8UI/IB. 


Sample     _. 
X  umber.    Time    of 
Incuba- 
tion— 
Bays. 


Medium— Kind. 


Inocu- 
lum— 
Quantity 
in  Grams. 


Ammoniacal 
Nitrogen  Recovered. 


Form  of  Initial 
Nitrogen.     • 


Percent. 


Milligrams 
per  100  cc. 
Solution. 


1941 

1942 

1943 

1958 

1959 

HI60 


9  Water.  _- 

9  Water..  > 

9  Water-.. 

12  Soil  1866. 

12  Soil  1866. 

12  Soil  1866. 


1  Peptone 79. 1« 

1  Asparagin 78.1 

1  •  Cotton-seed  meal  39.8 

10  ,  Peptone 22.4 

10  Asparagin 28.7 

10  Cotton -seed  meal  17.5 


47.5 
46.9 
23.9 
86.9 
114.8 
70.0 


'Original  ammonia  was  of  negligible  amount. 

Conditions  similar  to  those  found  in  the  previous  experiment  are  noted. 
lUiscd  upon  the  per  cent  of  ammonia  found,  peptone  and  asparagin  are  am- 
luontfied  much  more  vigorously  In  solutions  than  in  soil  cultures;  cotton-seed 
inenl  likewise,  but  not  with  so  marked  a  difference,  there  being  28  per  cent. 
::♦)  per  cent.  44  per  cent,  as  much  ammonia  produced  in  soil  as  in  solution  with 
peptone,  asparagin,  cotton-seed  meal  respectively. 

Experiment  88,  One  hundred  and  twenty  milligrams  of  nitrogen  as  cotton- 
••••ed  meal  were  weighed  into  300  cc.  Erlenmeyer  flasks,  200  cc.  of  tap  water 
added,  and  the  whole  sterilized.  x 

One  hundred  and  twenty  milligrams  of  nitrogen  as  cotton-seed  meal  were 
:ilHO  mixed  with  200  grams  of  each  soil  to  be  tested,  flasked,  and  sterilized. 

One  hundred  grams  of  the  soil  to  be  tested  were  well  shaken  with  200  cc. 
•  >f  n-ater  and  1  cc.  of  the  suspension  yy&s  added  to  each  flask  of  the  solution. 
One  cc.  of  the  suspension  was  also  added  to  20  cc.  of  sterile  water,  mixed,  and 
This  dilated  suspension  was  poured  into  the  sterile  soils  in  the  flasks  and 
rlM>roaghly  mixed.  Soils  1667,  1867,  1783,  1784,  1931,  and  2069  were  tested  in 
this  maimer,  thereby  bringing  into  200  grams  of  solution  the  same  number  of 
rinranisms  and  the  same  species  of  organisms  as  were  mixed  with  200  grams 
of  the  soil  culture.  This  arrangement  also  provided  that  the  organisms  in  soil 
media  were  in  soils  of  the  same  quality  as  the  soils  from  which  these  organ- 
isms were  derived  (identically  the  same  soil,  except  for  sterilization).  The 
(-ultures  were  incubated  seven  days  and  then  analyzed. 

The  results  are  given  in  Table  III. 
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Table  III. — Compabino  of  Six  Diffebent  Soils  Regabding  Ammonification  is 

Soil  and  in  Solution. 


CJONDinONS. 


Resttiab. 


Sample  Number. 


Medium— Kind. 


Inoculum—- 

Suspension 

of  Soil. 


Ammoniacal  Nitrogen 
Recovered. 


Milligrams 

Per  Cent.       per  100  oc. 

Solution. 


2162 Solution, 

2163 SoU 


2164 Solution,. 

2166 Soil 


2156 Solution- 

2157 Sou 


2158 Solution. 

2169 Soil 


2160 Solution- 

2161 ;  Soil 


2162 Solution— 

2163 SoQ 


1667 
1867 
1783 
1784 
1931 
2069 


18. 2' 
9.1 


34.3 

18.9 


23.1 
14.7 


37.1 
22.4 


24.5 
18.9 


24.5 
30.8 


10.9 
18.2 


20.6 

37.8 


13.9 
29.4 


22.3 

44.8 


14.7 
37.8 


14.7 
61.6 


^Original  ammonia-  was  of  negligible  amount. 

Here,  again,  considering  the  per  cent  of  ammonia  produced,  there  is  a  great 
difference  in  the  intensity  of  ammonification  In  soils  and  in  solutions.  In  five 
of  the  six  samples  of  soil  tested,  ammonification  was  again  greater  in  the 
solution  than  in  the  soil  cultures,  while  in  one  instance  ammonification  was 
greater  in  the  soil  culture. 

Not  only  is  there  a  difference  in  rapidity  and  absolute  quantity  of  ammonifi- 
cation, but  the  rank  of  the  soils  as  ammonifiers  is  different  according  to 
whether  their  ammonifying  powers  are  measured  in  soils  or  in  solutions. 


Compared  in  Soil  Cultures,  their  Rank  as 
Ammonifiers  is: 

1 

2 _ - r_- 

3 - 

4 - - -- 

5 _ _ _ -- 

6 _ - 


Soil  Number. 

Compared  in 

Solution  their 

Rank  is: 

2069 

3 

1784 

1 

1867 

2 

1931 

3 

1783 

5 

1667 

6 

Experiment  82.  To  test  relative  ammonifying  powers  of  various  pure  cul- 
tures in  soil  and  in  solution. 

The  tests  above  recited  were  made  with  soils,  composites  of  bacterial  species. 
It  was  deemed  advisable  to  ascertain  how  far  the  conclusions  indicated  by 
these  tests  hold  true  when  pure  cultures  of  species  are  employed.  To  this  end 
fifteen  pure  cultures  of  ammonifying  organisms  were  obtained  from  the  most 
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promising  sources  by  plating  from  soils,  cow  manure,  horse  manure,  and  from 
tv'o  labeled  cultures  from  the  laboratory  stock,  and  all  of  these  pure  cultures 
were  inoculated  into  broth. 

On  March  16,  190S,  120  milligrams  of  nitrogen  as  cotton-seed  meal  were 
weighed  into  each  of  sixteen  300  cc.  Erlenmeyer  flasks,  and  200  cc.  of  tap  water 
added.  An  equal  amount  of  cotton-seed  meal  was  mixed  with  200  grams  of 
ml  in  each  of  the  sixteen  flasks  of  the  same  size.  All  were  autoclaved  for 
one  hour.  Both  soil  and  liquid  media  were  inoculated  with  1  cc.  of  broth 
culture.  To  inoculate  the  soil  flasks,  tubes  with  20  cc.  of  sterile  water  were 
first  Inoculated  with  1  cc.  of  the  broth  culture  and  this  dilution  poured  upon 
the  soil  and  mixed  with  it.  Ammonia  was  determined  at  the  end  of  the  fourth 
day.    The  results  are  given  in  Table  IV. 

Table  IV. — Comparing  Ammonification  of  Pure  Cultures  in  Soil  and 

IN  Solution. 


Conditions. 


Sample 
Number. 


Medium— Kind. 


Inoculum — 
Kind. 


2077 

2078 

Sterile  soil  1867. 
Water 

207ft 

2080 

Sterile  floU  1867. 
Water 

2081 

2082 

SterOesoil  1867. 
Water 

2083 

2084 

Sterile  soil  1867. 
Water 

2085 

2086 

Sterile  sou  1867. 
Water 

2087 

2088 

Sterile  sou  1867. 
Water 

2089 

2090 

Sterile  sou  1867. 
Water 

2091 

2092 

Sterile  sou  1867. 
Water 

2093 

2094 

Sterile  sou  1867. 
Water 

2095 

2096 

Sterile  sou  1867. 
Water 

2097 

2098 

Sterile  sou  1867. 
Water 

2099 

2100.... 

Sterile  sou  1867. 
Water 

2101.... 
2102 

Sterile  sou  1867. 
Water 

2103.... 
2104.... 

Sterile  sou  1867. 
Water 

2105.... 
2106 

Sterile  soil  1867. 
Water 

2107.... 
2108.... 

Sterile  sou  1867. 
Water 

Orsanism  1 

Organism  2 

B.  subtiUs 

Orsanism  4 

Organism  5 

Organism  6 

B.  mycoides 

Organism  8 

Organism  9 

Organism  10.  .. 
Organism  11... 
Organism  12... 
Organism  13... 
Organism -14... 

Organism  16 

SoU  susp.  1867. 


Results. 


Ammoniacal  Nitrogen  Recovered. 


Per 
Cent. 


12.6 
24.0 


7.0 
12.1 


25.2 
11.0 


1.4 
0.0 


37.2 
19.6 


23.8 
18.7 


2.8 
5.8 


22.4 
15.9 


18.2 
15.6 


23.8 
28.7 


34.3 
28.5 


3.5 
3.5 


32.9 
19.6 


21.7 
18.9 


9.8 
3.0 


27.3 
16.8 


Difference  Mgs.  per  Difference 
in  Favor  100  cc.  in  Favor 
of  SoU.        Solution.       of  SoU. 


—11.4 

—  5.1 
14.2 

1.4 

17.6 

5.1 

—  3.0 
6.5 
2.6 

—  4^.9 
5.8 
0.0 

13.3 
2.8 
6.8 

10.5 


25.2 
14.4 


14.0 
7.3 


50.4 
6.6 


2.8 
0.0 


74.4 
11.8 


47.6 
11.2 


5.6 
3.5 


44.8 
9.5 


36.4 
9.4 


47.6 
17.2 


68.6 
17.1 


7.0 
2.1 


65.8 
11.8 


43.4 
11.3 


19.6 
1.8 


54.6 
10.1 


10.8 

6.7 
43.8 

2.8 
62.6 
36.4 

2.1 
35.3 
27.0 
30.4 
51.5 

4.9 
54.0 
32.1 
17.8 
44.5 
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Here,  basing  on  per  cent  of  ammonia,  ammoniflcation  was  greater  in  soils 
than  in  solutions  in  ttie  large  majority  of  eases.  In  only  four  instances  was 
ammoniflcation  greater  in  solution  than  in  soils.  Basing  upon  amount  con- 
verted per  cc.  of  solution,  the  ammoniflcation  wajs  greater  in  the  soil  in 
every  instance.  Basing  upon  per  cent  converted,  the  rank  in  ammonifj-lng 
power  is  as  follows: 


Rank  Tested  in  Soils. 


SoUNumber.  ^,^eg«d 


1 2085 

2 2097 

3 2101 

4 1  2107 

5.- I  2081 

(6 2087 

(6 _._, ^...|  2095 

8 _  2091 

9 _ 2103 

10 _ 2093 

11 - 2077 

12 _ I  2105 

13 '  2079 

14 ^ 2099 

15 -..-■ 2089 

16 _ '  2083 


Source  of  Oisanism. 


4 

2 

Horse  mftnure. 

4 

Soil. 

8 

Cow  manure. 

12 

Sou. 

7 

Cow  manure. 

1 

Manure. 

9 

Soil. 

6 

Soil. 

10 

Soil. 

3 

B. — ^subtlUs  culture. 

15 

Soil. 

11 

B. — ^mycoides  culture. 

1* 

Horse  manure. 

13 

Cow  manure. 

16 

Cow  manure. 

Five  species  hold  the  same  rank  in  soil  and  solution ;  two  have  changed  one 
rank;  two,  two  ranks;  four,  three  ranks;  one,  flve;  one,  six;  and  one,  seven 
ranks ;  some  assuming  a  higher  rank  in  soils,  others  higher  in  solutions. 

It  is  seen  from  the  tabulation  that  not  only  is  the  absolute  ammonifying 
power  different  in  the  two  media,  but  also  that  the  rank  of  the  organisms  as 
ammoniflers  is  greatly  altered  by  the  mode  of  test.^ 

Experiment  105.  On  May  25,  1908,  to  further  test  the  same  point,  whether 
tosts  made  in  solutions  are  fair  criteria  by  which  to  judge  either  the  absolute 
or  relative  ammonifying  power  of  soils,  experiments  105,  200,  and  201  were 
made.  In  these  experiments  120  milligrams  nitrogen  as  cotton-seed  meal  was 
used,  with  200  grams  medium  and  1  cc.  inoculum. 

In  these  experiments  the  cultures  were  all  made  in  duplicate  and  with 
checks.  Four  soils  were  used,  and  with  each  the  ammonifying  power  was 
tested  in  three  ways,  as  follows : 

1.  By  inoculation  of  a  suspensioii  into  a  sterile  mixture  of  cotton-seed  meal 
and  water  (i.  e.,  solution  condition). 

2.  By  inoculation  of  a  suspension  into  sterile  soils. 

3.  By  adding  the  nitrogenous  material  directly  to  the  live  soil. 
The  results  are  given  in  Table  V  and  summarized  in  Table  VI. 


iWhile  the  analyses  of  all  samples  were  not  completed  on  the  same  day,  the  analyses  of  all 
cultures  Inoculated  with  the  same  soil  were  made  at  the  same  time.  Therefore,  while  the 
actual  rank  of  these  cultures  as  ammoniflers  is  not  given  here,  the  fEeneral  coiidUJliOP  drawn  Is 
legitimate.  .igifizedby^ 
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Tabus  V. — Showing  Ammonuication  in  Soils  and  in  Solutions. 


COKDinONS. 


Resui^ts. 


dumber  mcuba- 
tion— 
Days. 


Medium— Kind. 


Inoculum — Kind . 


Ammoniacal  Nitrogen 
Recovered. 


Per 
Cent. 


Net. 


Mgs.  per 

100  CO.  I 

Solution. 


Net. 


2285 

2286 

Averase.  . 

2287 


10 
10 


Water Suspension  of  1784  . . . 

Water Suspension  of  1784... 


2288 

2289 

Averace.  . 
2290 

2291 

2292 

Averase.  . 

2293 

2294 

2295 

Arerace.  . 
2287 

229« 

2297 

Arerace.  . 

2298 

2299 

2300 

.^Terase.  . 
2301 

2372 

2373 

AYerase.  . 

2374 

2375 

2376 

ATera«e.  . 
2377 


2378 

2379 

Arerace.  . 
2380 

2390 

2391 

Averace.  . 
2392 

2393 

2394 

Average.  . 
2395 

2396 

2397 

Averace.  . 
2380 

2363 

2364 

Averace.  . 
2365 

2366 
2367IIII 
ATen^BL  . 


10     Water. 


10 
10 


Sterile  soil ,  Suspension  of  1 784. . . 

Sterile  soU Suspension  of  1 784 


10     Sterile  soil.. 


29.00 

29.40   Of.  «A 
29.20   ^°-^^ 
2.34 


21.01 

22.40 

21.31 

2.10 


19.21 


10 
10 


live  SOU  1784. 
live  soil  1784. 


10     Sterile  soil  1784. 


10 
10 


Water Suspension  of  1667- . .  i 

Water Suspension  of  1667_ . .  > 


10     Water- 


10 
10 


Sterile  soil  1784  .    Suspension  of  1 667. . . 
Sterile  soil  1784.    Suspension  of  1667... 


10     Sterile  soil  1784. 


10 
10 


Uve  soil  1667. 
Uve  soil  1667. 


10 


Sterile  sou  1667. 

C.  S.  M.  +  HsO  .,  Suspension  2069. 


Suspension  2069. 


C.  S.  M.  +  HiO  . 

"a"s."M."+"HtO"; 


Sterile  1 867 Suspension  2069. 

SterUe  1867 Suspension  2069. 


4     Sterile  1867. 


Live  2069. 
Uve  2069. 


7     Sterile  2069. 


C.,S.  M.  +  HtO  .    Suspension  2069. 
C.  S.  M.  +  HsO  .    Suspension  2069. 


7  I  C.  S.  M.  +  HtO  . 


SterUe  1867 Suspension  2069. 

SterUe  1867 •  Suspension  2069. 


7     SterUe  1867. 


Live  2069- 
live  2069. 


4     SterUe  2069. 


4     C.  S.  M.  +  water.    SoU  suspension  1931 . 
4  ,  C.  S.  M.  +  water.   SoU  suspension  1931. 

'4"  "cr¥."M'"+'wateriIIIIIIIIIIIIIIIIir" 


Sterile  80U  1867.   SoU  suspension  1931. 
SterUe  soU  1867.    SoU  suspension  1931. 


4     SterUe  soU  1867. 


17.4 

17.6 

17.5 

1.4 

84.0 

89.6 

85.2 

8.4 


21.35 


22.40 

23.10 

22.75 

1.40 

26.20 

27.10    24  31 
26.65    '^*'** 
2.34 

9.80 
12.60    ,1  20 
11.20    "  -^^ 

0.00  ' 


0.70 

17.50  I 

0.10  I 

0.00 

11.20 
9.10 

10.15 
1.17 

23.81 

23.11 

23.46 

4.90 

32.21 

30.11 

31.16 

3.50 

14.24 

23.57 

18.01 

0.70 

28.01 

24.51 

26  26 

2.80 

32.91 

37.81 

35.36 

3.50 

6.77 
9.10 
7.94 
0.70 

25.21 

23.81 

24.61 

7.00 


9.10 


8.98 


18.56 


27.66 


18.21 


23.46 


31.86 


7.24 


17.51 


39.2 
50.4 
44.8 
0.0, 

2.8  i 
70.0 
36.4 

0.0  ' 


6.1 
0.7 


46.9 
9.8 


72.0 
8  1 


52.5 
5.6 


81.7 
8.1 


4.8 
0.5 


45.0 
10.0 


16.1 


76,8 


89.6 

91.0        *^'* 
5.6 


15.7 

16.3 

16.0 

1.4 


14.6 


44.8 


36.4 


5.4 


37.1 


63.9 


^11  I     10.9 


46.9 


73.6 


4.3 


35.0 
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Table  V — Oontinued, 

Ck)NDITIONS. 


SSEPL^Timeofi 


Number. 


Results. 


Ammoniacal  NitFogen 
Recovered. 


Incuba-  , 

tion — 

Days. 


Medium — ^Kind. 


Inoculum — Kind. 


Per 
Cent. 


2369 

2370 

Average. 
2371 

2381 

2382 

Average. 

2383 

2384 

2386 

Average. 
2386 

2387 

2388 

Average. 
2389 


4      live  BoU  1931 24.51 

4  .  live  8oU  1931 26.60 

1 26.66 

4     Sterile  soil  1931 2.10 


7  I  C.  S.  M.  +  water. <  Soil  suspension  1931. 
7  ;  C.  S.  M.  +  water.   Soil  suspension  1931. 

"7'  "asT M.'+'waterl  "IIIIIIIIIIIIIIIIIII 


I 


SterUesoU  1867. 
Sterile  soil  1867. 


Soil  suspension  1931. 
Soil  suspension  1931. 


7  ,  SterUesoil  1867. 


I 


4.43 

13.07 

8.76 

0.70 

28.70 

28.70 

28.70 

5.60 


7  I  live  soil  1931...! 24.60 

7  i  Uvesoill931--i 22.41 

..J 23.46 

7     SterUesoil  1931.' 1.40 


I  Mgs.  per 

Net.      100  cc.     Net. 

'  Solution. 


23.46 


8.06 


23.10 


22.06 


64.7 
4.5 


5.3 
0.6 


67.4 
11.2 


60.2 
3.0 


50. 


4.8 


46.2 


47  2 


Table  VI. — Summabt  of  All  Results  Given  in  Table  V. 
Medium. 


C.  S.  M.  and  H2O. 
Sterile  soil  1867... 

live  1931 

C.  S.  M.  and  HtO. 

Sterile  1867 , 

Live  2069 

C.  S.  M.  and  HtO. 

Sterile  1784 

Uve  1784 

C.  S.  M.  and  HiO. 

Sterile  1784 

live  1867 


Soil 
Inoculum. 


Net  Nitrogen  Net  Nitrogen 

Days,    as  Ammonia.    Days,    as  Ammonia 
Per  Cent.  Per  Cent. 


1931 
1931 


2069 
2069 


1784 
1784 


1667 
1667 


4 

4 

4 

4 

4 

4 

10 

10 

10 

10 

10 


7.24 
17.61 
23.46 

8.98 
18.66 
27.66 
26.86 
19.21 
21.35 
24.32 
11.20 

9.10 


8.05 
23.10 
22.06 
18.21 
23.46 
31.86 


It  is  seen  here  that  at  the  eud  of  four  days  soils  1931  and  2069  ammonilled 
most  vigorously  in  natural  condition,  next  in  sterile  soil  plus  suspension,  and 
least  In  the  watery  suspension ;  Nos.  1784  and  1667  most  in  watery  suspension. 
It  appears,  then,  that  some  soils  will  give  a  maximum  test  of  ammonitfing 
power  in  the  liquid  medium,  others  in  the  soil  medium ;  that  the  test  made  In 
the  liquid  is  not  a  -fair  criterion  of  ammonifying  power.  Though  the  differ- 
ences are  not  so  great  as  is  the  case  with  the  phenomenon  of  nitrification. 
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they  are  sufficient  to  change  the  rank  of  soils  in  ammonifying  power — as,  for 
example,  in  the  above  case  where  soil  1931  ammonified  more  than  three  times 
as  rapidly  in  soil  as  in  solution,  as  did  also  soil  .2069 ;  while  soil  1784  ammoni- 
fied a  trifle  better  in  solution  than  in  soil.  It  is  apparent  that  a  proper  com- 
parison of  the  actual  field  ammonifying  power  of  these  three  soils  could  not 
be  had  by  comparing  their  ammonifying  power  in  solutions.  It  is  to  be  noted, 
also,  that  in  the  original  data  from  which  these  conclusions  are  drawn  deter- 
minations were  made  in  duplicate  with  control  cultures,  and  for  the  most  part 
with  excellent  agreement  between  duplicates. 

Experiment  209.  On  August  20,  1908,  an  experiment  similar  to  the  preced- 
ing was  also  made  with  pure  cultures  of  several  laboratory  species  and  of 
three  **wild"  forms,  Xos.  5,  7,  and  11,  isolated  from  various  sources. 

To  inoculate,  1  cc.  of  a  48-hour  old  broth  culture  was  added  to  20  cc.  of 
sterile  water  and  poured  into  the  soil  flask  or  into  the  liquid  culture,  all  in 
strictly  parallel  manner.  The  results  are  presented  in  Table  VII.  The  initial 
nitrogen  present  in  the  form  of  cotton-seed  meal  was  320  milligrams;  incuba- 
tion was  for  seven  days. 

As  with  the  composite  inoculations  of  the  last  experiment,  some  species 
are  seen  to  ammonify  more  vigorously  in  solution,  other  species  in  soils. 

Organism  No.  5  produced  less  than  7  per  cent  as  much  ammonia  in  solution 
as  in  soil;  J5.  megatherium,  32  per  cent;  B,  mycoideSf  19  per  cent.  While 
orsranism  No.  7  produced  only  42  per  cent  as  much  ammonia  in  soil  as  in  solu- 
tion, organism  No.  11  gave  46  per  cent. 

Ranking  the  organisms  according  to  their  ammonifying  power  in  solution, 
we  have  No.  7,  No.  11,  suhtUis,  tnegatherium,  mycoides.  No.  5;  in  soil, 
subtUis,  megatherium,  No.  11,  No.  7,  mycoidea.  No.  5. 

Thus  it  is  seen  that  neither  the  absolute  nor  the  relative  ammonifying  power 
of  these  organisms  for  soil  can  be  ascertained  by  testing  them  in  solutions. 

SUMMABY  AND  CONCLUSIONS. 

1.  Some  bacterial  soil  complexes  ammonify  faster  in  solutions. 

2.  Some  bacterial  soil  complexes  ammonify  faster  in  soils. 

3.  Some  pure  cultures  of  organisms  ammonify  faster  in  soils,  others  faster 
in  solutions. 

4.  The  rank  of  soils,  bacterial  soil  complexes,  or  of  pure  cultures  is  difPerent 
as  measured  in  soils  or  in  solutions. 

The  general  conclusion  stands  out  clearly,  as  it  did  regarding  nitrification, 
that  neither  for  soils  nor  pure  cultures  of  organisms  can  the  ammonifying 
poorer  be  adequately  determined  by  testing  in  solutions;  that  not  even  the 
relative  ammonifying  power  o?  two  soils  or  two  organisms  can  be  determined 
\^ith  certainty  by  the  method  of  testing  in  solutions.  While  there  is  not  so 
^reat  a  discrepancy  between  results  by  the  solution  and  the  soil  method  with 
rei^ard  to  ammonlflcation  as  obtains  regarding  nitrification,  still  the  difference 
is  sufficient  to  necessitate  using  soil  as  the  medium  in  which  to  test  ammonify- 
ing powers  in  cases  where  any  degree  of  accuracy  is  desired  and  to  check  all 
determinations  by  soil  cultures. 
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III.-8TUDI£8  IH  SOIL  BACTERIOLOGT-COHCESHIHG  METHODS 
FOR  DETERMIN ATIOH  OF  HITRIFTIHG  AHD  AMMOHIFTING 
POWERS  OF  SOILS/  

By  F.  L.  STEVENS  and  W.  A.  WITHERS.* 


Nitrate  nitrogen  is  generally  believed  to  be  tbe  most  readily  available  and 
most  valuable  fonu  of  nitrogen  for  plants.  If  tbis  view  be  true,  even  in  part, 
means  of  measuring  tbe  ability  of  various  soils  to  produce  nitrate  nitrogen, 
to  nitrify,  are  desirable,  since  on  tbe  nitrifying  power  of  the  soil  would  de- 
pend to  some  extent  iwssibly  to  a  large  extent,  Its  productivity.  To  deter- 
mine nitrifying  power;  to  recognize  deficiencies  in  nitrifying  power;  to  ascer- 
tain the  cause  of  such  deficiencies  when  they  exist  and  to  find  ineans  of  cor- 
recting them,  all  require  quantitative  studies  of  this  factor  of  soil  fertility. 
To  make  quantitative  determinations  of  nitrifying  power  that  shall  be  of 
broad  utility  and  general  value,  methods  which  may  be  regarded  as  standard 
must  \>e  devised  and  their  trustworthiness  recognized.  The  biological  e<iiii- 
lilirium  in  soils  is  one  of  utmost  instability,  and  variations  in  methods  are 
likely  to  lead  to  gi'eat  discrepancies  in  results.*  These  facts  have  been  con- 
stantly forced  upon  us  during  the  investigations  of  the  past  few  years  and 
liave  led  us  to  the  consideration  of  the  question  of  uniform  methods  in  this 
regard,  the  results  of  which  we  herewith  present. 

KITBIFYINO    INDICES. 

Three  conditions  to  be  recognized  in  considering  the  nitrifying  ability  of  a 
soil  are: 

1.  The  nitrifying  organisms  present. 

2.  The  physical  and  chemical  fitness  of  the  soil  for  the  proper  functioning 
ot  these  organisms. 

3.  The  nitrifying  efficiency  of  the  soil  and  the  organisms  existing  in  it. 

NITEinCATION  INOCULATINO  POWER    (N  I  P). 

The  first  index  may  be  called  the  Nitrification  Inoculating  Power,  which 
may  be  abbreviated  as  N  I  P.  It  recognizes  only  the  factor  of  the  live  organ- 
isms present,  taking  no  account  of  the  fitness  or  unfitness  of  the  soil  for  their 
:ietivlty.  It  does  not  regard  bacterial  species,  but  merely  the  complex  present 
in  the  soil  at  tlie  time  it  is  tested. 

Theoretically,  the  NIP  may  be  high  in  a  soil  in  which,  owing  to  adverse 
i-hemical  or  physical  conditions,  no  nitrification  really  occurs.  Theoretically, 
nitrifying  bacteria  may  be  present  in  goodly  numbers  in  a  soil  possessing 
ph.r.slcal  and  chemical  conditions  favorable  to  rapid  nitrification,  yet  no  nitrate 
ar>l>ear,  owing  to  the  presence  of  other  species  of  bacteria  or  of  substances 
which  either  inhibit  the  action  of  the  nitriflers  or  destroy  the  nitrate  which 

iRead  at  the  North  Carolina  Academy  of  Science.  May  1.  1909.  Durham.  N.  C.  Published 
in  Cent.  Bakt.  25,  1909,  64. 

'Assisted  by  J.  C.  Temple,  W.  A.  Syme,  J.  K.  Plummer  and  P.  L.  Galney. 

'Stevens  and  Withers.  I— Studies  in  Soil  Bacteriology'.  Nitrification  In  Soils  and  in  Solu- 
tions.     (N.  C.  Expt.  Sta.  Rpt.  1907-1908,  pp.  40-63.) 
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they  produce,  so  that  nitrate  does  not  appear  as  a  final  product.  NIP  con- 
siders only  the  efficiency  of  the  organisms  present  to  give  nitrate  as  a  fiiuil 
product  under  circumstances  favorable  to  their  growth. 

NITRIFYING  CAPACITY    (N  C). 

The  second  index,  fitness  of  the  soil  as  regards  factors  other  than  its  con- 
tent of  living  things,  t.  e.,  its  capacity  to  support  nitrification,  provided  proper 
organisms  be  present,  may  be  designated  as  its  Nitrifying  Capacity,  abbre- 
viated as  N  C.  N  C  regards  only  the  nonliving  factors.  Theoretically,  a  soil 
may  be  of  high  N  C,  but  still  fail  to  nitrify  owing  to  lack  of  proper  organ- 
Isms,  i,  e.y  to  lack  of  proper  N  I  P.  Theoretically,  a  soil  may  be  of  low  N  C,  yet 
show  high  NIP.  N  C  will  on  final  analysis  be  found  to  dei)end  upon  physi- 
cal conditions  and  chemical  composition,  Including  water  content. 

NITRIFYING  EFFICIENCY   (N  E). 

The  third  index  may  be  designated  as  the  nitrifying  efficiency  of  the  soil. 
abbreviated  N  E,  which  regards  the  efficiency  of  the  soil  as  a  whole  to  pn> 
duce  nitrates  as  a  final  product.  N  E  may  be  low  owing  to  lack  of  N  I  V 
or  to  lack  of  N  C,  or  both.  N  E  will  be  high  if  there  be  high  N  I  P  ass<»- 
ciated  with  high  N  C. 

Proper  determination  of  N  E  will  show  whether  a  given  soil  is  in  normal 
vigorous  nitrifying  condition ;  if  such  is  not  the  case,  determination  of  N  (' 
and  NIP  will  show  whether  it  is  the  bacterial  or  nonbacterial  factors  wliidi 
are  at  fault,  and  may  lead  the  way  to  correction  of  existing  defects. 

CONDITIONS    FOB   DETERMINING   THESE   INDICES. 

To  make  each  of  these  indices  of  the  greatest  value  the  determination  must 
be  made  as  nearly  as  possible  under  the  conditions  that  normally  obtain  iu 
the  field.  Field  conditions  are  highlj'  variable  from  season  to  season,  even 
from  hour  to  hour,  and  may  never  be  twice  exactly  alike.  They  can  then*- 
fore  be  only  approximated. 

Since  the  soil  temi>eratiire  is  extremely  variable,  sometimes  above,  some 
times  below  the  optimum  for  nitrification,  it  seems  best  to  employ  the  opti- 
mum temi>erature  as  standard. 

Since  the  water  relation  is  of  dominating  importance,^  the  amount  of  water 
in  the  soil  cultures  should  imitate  the  natural  condition  of  the  soil  that  is  to 
be  tested.  If  this  soil  be  one  that  is  normally  saturated  or  umler  water, 
swampy,  the  cultures  should  provide  these  conditions.  It  is  difficult  to  deter- 
mine the  degree  of  saturation  which  best  imitates  the  condition  of  a  nonnal 
well-drained  field.  During  and  shortly  after  rain  it  is  saturated.  It  i"ai>l(ily 
dries,  and  until  another  rain  occurs  is  considerably  below  saturation.  Simi*. 
however,  the  greater  part  of  the  nitrification  that  does  occur  must  occur  dur- 
ing a  period  approximating  the  water  content,  optimum  for  nitrification,  it 
seems  best  to  use,  as  nearly  as  is  practicable,  this  degree  of  saturation  f(»r  nil 
soils,  other  than  soils  normally  saturated  as  mentioned  above. 

iSteveiw  and  Withers.     I — Studies  in  Soil  Bacteriology.     Nitrification  in  Soils  and  in  :^- 
lution-s.     Centbl.  Bakt.  11  ab.  XXIII,  pp.  355-373. 
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PREUMINABY   EXPEEIMENTS. 

Prellmluarj-  exi)eriiuent8  were  made  to  ascertain  several  facts  of  iiiipor- 
raiM-e  in  deciding  ui>ou  methods,  siidi  as  the  optimum  water  relation,  the 
♦^ffwts  of  different  modes  of  aeration,  etc.,  upon  nitrification  when  soils  con- 
stitute the  medium.    The  results  of  these  experiments  are  as  follows: 

ExiH'rinu.'ut  2.  To  determine  thermal  death  jKiint  of  nitrifying?  organisms  in 
jMill.  Forty  grams  of  soil  18(>7,  which  had  shown  nitrifying  power,  with  nitro- 
in'n  added  as  asparagin,  were  put  in  each  of  six  large  test  tubes.  A  tube  of 
this  soil  was  kept  in  the  water  bath,  which  had  a  temperature  of  35°,  for  ten 
minutes  after  the  temiierature  of  the  soil  in  a  tul)e  under  similar  conditions 
hjid  reached  35**.  Other  tubes  were  In  the  same  way  exposed  to  temi)erature 
n(  4^)o,  45^  »>*».  55^  and  (iO^ 

Six  sterile  flasks,  each  of  400  gs.  of  soil  1867,  containing  240  mgs.  of  nitro- 
2«»u  art  asparagin,  were  then  inoculated  with  the  20  gs.  of  soil,  one  flask  from 
each  of  the  tubes,  and  allowed  to  stand  four  weeks,  when  the  nitrate  present 
was  determined. 

The  nitrification  I'esulting  was  as  follows : 

Soil  heated  to  35**  contained  27.30  i)er  cent  of  N  as  nitrates. 
Soli  heated  to  40°  contained  30.28  i)er  cent  of  N  as  nitrates. 
Soil  beatetl  to  45°  contained  35.24  i)er  cent  of  N  as  nitrates. 
Soil  heate<l  to  50°  contained  38.10  \>er  cent  of  N  as  nitrates. 
Soil  lieatfHl  to  55°  contained  24.28  i)er  cent  of  N  as  nitrates. 
Soli  heated  to  60°  contained  00.00'  jjer  cent  of  N  as  nitrates. 
Check,  not  inoculated.  <KX)*  i>er  cent  of  N  as  nitrates. 
rheck,  not  lnoculate<l,  000*  per  cent  of  N  as  nitrates. 

It  1»  Heen  that  the  thermal  death  point  lay  betwetni  55°  and  (M)°,  a  conclusion 
in  acconl  with  previously  reported  resuits.- 

Hxperiment  7G.  To  determine  the  infiuemv  of  access  of  air.  Two  sets  of 
••ulturw*  were  made  and  Incubated  for  four  weeks  l)egiiming  February  27,  IJMKS, 
one  with  flasks  cotton  plugged  In  the  usual  manner,  one  with  flasks  hermet- 
!<'ally  sealecl-  Medium  was  live  soil  18«>7  and  240  mgs.  of  nitrogen  and  cotton- 
*»'*h1  meal. 

The  results  are  given  in  Table  I. 

»Xitrites  and  nitrates  were  tested  for  with  diphenylainine  solution.  In  case  tliere  was  a 
'  oloratioD  after  one  or  two  minuteii.  the  amount  of  nitrites  and  nitrates  was  determined  by  the 
Teimaiin-SchuLBe  method.  If  only  a  faint  coloration  appeared,  which  disappeared  upon  shak- 
mc.  a  trace  was  reported;  and  if  no  coloration  at  all  appeared,  the  amount  of  nitrites  and 
nitrates  was  recorded  as  zero.  The  test  was  made  as  follows  (Tread well-Hall  Anal.  Chem.. 
1906,  Vol.  I.  pa8e340): 

"The  reasent  is  prepared  by  dissolving  0.5  gms.  of  diphenylamine  in  100  cc.  of  pure  concen- 
trated sulphuric  acid  and  adding  20  cc.  of  water.  A  few  cubic  centimeters  of  the  diphenyla- 
mine solution  are  placed  in  a  test  tube  and  carefully  covered  with  the  solution  to  be  tested  for 
nitric  add.  If  the  latter  is  present,  there  is  formed  at  the  zone  of  contact  between  the  two 
liauidH  ft  rime  of  beautiful  blue  color." 

Treftdwell  states  that  "it  one  cc.  of  an  acid  (concentrated  sulphuric  S.  and  W.)  which  con- 
Tau»  only  one-twentieth  milligram  of  nitrogen  in  a  liter  is  used,  the  reaction  will  cause  a 
noticeable  coloration." 

This  test  is  leas  delicate  In  water  solutions  than  in  concentrated  sulphuric  acid.  Wherever 
'he  amount  of  nitrites  or  nitrates  is  recorded  in  this  article  as  zero  small  amounts  may  have 
'i4^en  present  and  escaped  detection. 

n^ar  Technischen  Mylcolegie,  III. 
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Table  I — Experiment  76 — Effect  of  Sealing  Flask  Upon  Nitrification. 

Per  Cent  of  Initial  Nitrogen  Recovered  as — 
Ammonia.  Nitrite.  Nitrate. 


Sample 
Number. 


Condition  of  Aeration. 


2115 Sealed 

2116 Sealed 

2117 Not  sealed. 

2118 Not  sealed. 


35.71 

0.00^ 

0.00» 

23.11 

0.00' 

0.00' 

0.70. 

Trace 

35.39 

0.00 

Trace 

26.99 

The  entire  absence  of  nitrification  in  the  sealed  flasks  quite  precludes  tbe 
use  of  such  flasks  in  determining  nitrifying  indices,  though  for  the  purpose 
of  avoiding  evaporation  sealed  flasks  would  be  desirable. 

To  ascertain  whether  the  degree  of  compactness  of  the  soil  in  the  flask  is  of 
influence  upon  nitrification,  cultures  were  set  up  with  400  gs.  of  live  soil  18C7-f 
240  mgs.  of  nitrogen  as  cotton-seed  meal  or  ammonium  sulphate.  The  soil  in 
two  flasks  was  tightly  compacted;  in  two  others  loosely  sifted  in:  in  two 
others  the  soil  was  removed  and  sifted  twice  weekly  to  give  more  complete 
aeration.  Two  other  cultures  were  made  in  shallow  dishes  having  an  area 
each  of  400  sq.  cm.  to  give  still  more  free  aeration,  but  were  covered  with  bell 
Jars  to  prevent  drying.  Set  up  December  15,  1908.  Analyses  were  made  at 
the  end  of  six  weeks. 

The  results  appear  in  Table  II. 

Table  II — Experiment  GO — To  Ascebtain  tAe  Effect  Upon  Nitrification  • 
OF  Degree  of  Compactness  of  Soii^ 


Condition  or  Experiment. 


Number. 


Condition  of  Soil. 


Form  of  Nitrogen. 


Results  OF 

EXPERIMEXT. 


Per  Cent  of  Nitro- 
gen Found  as 
Nitrate. 


1991 Compact - 

1992 Compact. 


1993- 
1994- 


Cotton-seed  meal 

Ammonium  sulphate- 
Loose Cotton-seed  meal 

Ix)Ose ___  Ammonium  sulphate. 


1995 -.    Sifted. 

1996. -_ _    Sifted- 


Cotton-seed  meal 

Ammonium  sulphate. 

1997 In  open  dish __  Cotton-seed  meal 

1998 — In  open  dish Ammonium  sulphate- 


62.6 


63.6 


74.2 


26.0 


76.1 


70  5 


73.0 


16.3 


The  first  tinio  this  experiment  was  tried  the  sealed  flasks  broke  from  inter- 
nal pressure;  the  second  time,  escape  of  gases  was  provided  for  by  a  water 
seal. 

It  is  seen  that  with  neither  of  these  forms  of  nitrogen  is  the  effect  of  the 
compactness  of  the  soil,  as  shown  in  the  first  six  flasks,  of  much  influence 
upon  nitrification  under  the  conditions  of  the  experiment.  The  low  nitrifica- 
tion in  the  shallow  dishes  may  have  been  caused  by  molds  which  developed 
to  some  extent  in  these  cultures. 
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Experiment  2 JO.  September  7,  1908.  To  determine  whether  the  optimum 
degree  of  saturation  for  pure  cultures  Is  the  optimum  for  the  bacterial  com- 
plex of  soil  1867.  Four- week  cultures  were  made  in  sterile  soil  1867+240 
mj^.  of  nitrogen  as  ammonium  sulphate,  with  different  degrees  of  saturation, 
and  inoculations  were  made  with  suspension  from  soil  1867  in  some  Instances, 
with  pure  cultures  of  nitrifying  organisms  in  other  cases.  The  pure  cultures 
ct^nsisted  of  a  Tigorous  nitrite  former  and  a  vigorous  nitrate  former,  isolated 
l»y  the  Stevens-Temple  Silicate  Jelly  Plate.^ 

They  were  pure  in  the  sense  employed  by  Winogradsky  in  that  they  did  not 
render  bullion  cloudy.    They  gave  the  following  nitrogen  changes: 

Table  Ifl. 


Culture  of 


Gave — 


N'itrite  organism  in  ammonium  solution Nitrite. 

Nitrate  organisms  in  ammonium  solution No  nitrate  and  no  nitrite. 

Nitrate  orgaiUsms  in  nitrite  solution Formed  nitrate. 

Nitrite  organiams  in  nitrate  solution No  denitriflcation. 

Nitrate  organisms  in  nitrate  solution No  denitriflcation. 

The  results  of  Experiment  210  are  given  in  table  below. 

Table  IV — ^Experiment  210,  Showing  the  Optimum  Degree  of  Saturation  of 

Soil  1867. 


Conditions. 


Results. 


Niim- 

tH»r. 


Decree  of 


J606  . . .  One-third  . . 
je07  _ . .  One-third  . . 
Average 


Inoculum — Kind.  Amount. 


Nitrite  +  nitrate  organisms    1  cc.  each  . 
Nitrite  +  nitrate  organisms    1  cc.  each  . 


2608  - .  -    Two-thirds  . 

2609  - .  -   Two-thirds  . 
ATer&ge 


Nitrite  +  nitrate  organisms    1  cc.  each  . 
Nitrite  +  nitrate  organisms    1  cc.  each  . 


26 1 0  . . .    Complete.  _ . 

2611  ...   Complete... 
Average 


Nitrite  +  nitrate  organisms    1  cc.  each  . 
Nitrite  +  nitrate  organisms    1  cc.  each  . 


2612  ...  One-tbird 
•2613  ...  One-third 
Aver&ge 


Susp.  soil  1867 10  cc. 

Susp.  soil  1867 10  cc. 


2614  ...   Two-thirds. 

2615  ...   Two-thirds  . 
.Werace 


Susp.  soil  1867 10  cc. 

Susp.  soil  1867 10  cc. 


26 1 «  ...   Complete. . . 

2617 Complete... 

Aveimce 


Susp.  soil  1867 10  cc.. 

Susp.  SOU  1867 10  cc. 


Percentage  of  Initial 
Nitrogen  Recovered  as— 


iStevens  aod  Temple,  "A  convenient  mode  of  preparing  silicate  Jelly.' 
-p.  II.  XXI.  1908,  p.  84.) 


Ammo- 
nia. 

Nitrite. 

Nitrate. 

45.51 
46.35 
45.93 

0.15 
0.38 
0.26 

12.53 
11.06 
11.78 

38.51 
39.21 
38.81 

1.87 
1.87 
1.87 

13.16 
12.50 
12.83 

44.11 
44.74 
44.47 

0.07 

trace 

0.04 

0.00 
0.00 
0.00 

51.81 
54.61 
53.21 

0.13 
0.12 
0.13 

20.98 
17.54 
19.26 

56.02 
55.45 
55.73 

0.10 
0.08 
0.09 

12.84 
12.62 
12.73 

63.02 

broken 

63.02 

trace 
trace 
trace 

0.00 
trace 
0.00 

ite  Jelly. 

"     (Centbl.  Bakt.. 
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It  Is  seen  that  the  optimum  for  the  pure  culture  differs  from  that  of  the 
soii  1807  and  that  uo  appreciable  nitrification  occurred  under  conditlouB  ut 
saturation  with  either  inoculum. 

Experiment  2JfO.  To  determine  the  optimum  degree  of  saturation  of  soil 
1031  and  the  effects  of  slight  variation  in  water  content.  400  gs.  of  sterile 
soil  10314-240  mgs.  of  nitrogen  as  ammonium  sulphate  were  inoculated  with 
10  cc.  of  suspension  of  soil  1807.  Flasks  were  set  up  in  duplicate  carryinc 
water  to  give  2."),  30,  35,  40.  45,  50,  55,  GO,  65,  70,  and  75  per  cent  of  satura- 
tion.   The  results  are  presented  in  Table  V.* 

Tablk  V — Experiment  No.  240,  Showing  the  Optimum  Degree  of  SATrR-\ 

TiON  oi»  Soil  1031. 


Conditions. 


Results. 


Number. 


3128 

3129 

Average. 

3130 

Net 


3131 

3132 

Average. 

3130 

Net 


3134 

3135 

Average. 
3130 

Net 


3136 

3137 

Average. 

3130 

Net 


3138 

3139 

Average. 
3130 

Net 


3140 

3141 

Average. 
3130 

Net 


3142 

3243-  .. 
Average. 

3130 

Net 


3144 

3145-    .. 
Average 
3130-,. 
Net 


Water  Added. 
CC. 


48 
48 
48 


58 
58 
58 


67 
67 
67 


77 
77 


86 
86 


96 
96 
96 


106 
106 
106 


115 
115 
115 


Per  Cent  of 

'MitHtA 

Saturation. 

niiriie 

25 

0  45 

25 

0.52 

25 

0.49 

trace 

-- 

0.49 

30 

0.75 

30 

0.45 

30 

0.60 

trace 

-- 

0.60 

35 

1.50 

35 

0.60 

35 

1  05 

trace 

-- 

1.05 

40 

1.00 

40 

0.75 

40 

0.88 

trace 

-- 

-  0.88 

45 

1  35 

45 

1.35 

45 

1.35 

trace 

-- 

1.35 

60 

1.20 

50 

0.45 

50 

0  83 

trace 

0.83 

55 

0.45 

55 

0.45 

55 

0.45 

trace 

0  45 

60 

1  20 

60 

1.45 

60 

1   33 

trace 

1  33 

Percentage  of  Initial  Nitrogen  ReGovered  as 
Nitrates. 


2.68 
4.18 
3.43 
1.00 
3.43 

5.51 
8.32 
6.92 
1.00 
5.92 

8.53 

12.44 

10  49 

1.00 

9.49 

18.40 
18.04 
18.22 
1.00 
17.22 

23.39 
26.21 
24.80 
1.00 
23.80 

27.62 
27.74 
27.68 
1.00 
26.68 

28.99 
29.62 
29.31 
1.00 
28.31 

36.28 
38.64 
37.51 
1.00 
41.51 


Nitrites  and 
Nitrates. 


3.13 
4.70 
3.92 
1.00 
2.92 

6.26 
8.77 
7.52 
1.00 
6.52 

10  03 
13  04 

11  54 
1  00 

10.54 

19.40 
18.79 
19.10 
1.00 
18.10 

24.74 

27.56 

26.15 

1.00 

26.15 

28.82 
28.19 
28.52 
1  00 
27.52 

29.44 
30.07 
29.76 
1.00 
28.76 

37.58 
40.09 
38.84 
1  00 
37  84 


'.Slight  correct  ion.s  have  been  made  in  thi.s  table  since  its  original  publication  in  the  Ctnfn! 

hi  aft  fur  Bakteriitlogie,  etc. 
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TABLE  y— Continued. 


Conditions. 

Results. 

Number. 

Water  Added. 

Percentage  of  Initial  Nitrogen  Recovered  as — 

CC. 

Per  Cent  of 
Saturation. 

Nitrites. 

Nitrates. 

Nitrites  and 
Nitrates. 

1 

3146 

3147 

.\veragc.. 
3130..... 
Net 

125 
125 
125     . 

65 
65 
65 

0.30 
0.30 
0.30 
trace 
0.30 

49.81 
51.06 
50.44 
1.00 
49.44 

50.11 
51.36 
50.74 
1.00 
49.74 

3148 

3149 

.\Tera«e..; 

3130 

Net 

134 
134 
134 

70 
70 
70 

1 

0.30 
trace 
0.15 
trace 
0.15 

52.94 
51 .36 
62 .  15 
1.00 
51.16 

53.24 
51.36 
52.30 
1.00 
51.30 

3150 

3151 

Average. . 

3130 

Net 

144 
144 
144 

75 
75 
75 

0.30 
0.38 
0.34 
trace 
0.34 

36.66 
34.71 
35.69 
1.00 
34.69 

. :           36.96 

36.09 

36.03 

1.00 

36.03 

These  facts  are  presented  graphically  in  the  following  curve.  It  is  seen 
that  there  Is  a  gradual  increase  in  nitriflcatiou  with  the  increase  In  water 
i^mtent  up  to  70  per  cent  of  saturation,  and  that  beyond  that  point  nitriflca- 
tiou falls  off  rapidly  with  increase  in  water  content. 


ss% 
so 

iS 
10 
X 
30 
25 
ZO 
15 
W 
5 

, 

• 

1 

\ 

1 

\ 

J 

> 

/ 

^ 

•^ 

/ 

/ 

y 

/ 

y 

A 

^ 

Z5yiXlt0i^505500€579    75% 

Curve  of  nitrification  at  different  degree  of  soil  saturation.  1  cm.  on  the 
«  nliittite=r>  i)er  cent  of  initial  nitrogen  ct)nverted  into  nitrite  or  nitrate  nitro- 
gt»n.    1  cm.  on  the  abscissa=5  i)er  cent  of  saturation. 

Experiment  211.  September  10.  1908.  To  determine  whether  the  degree 
nf  saturation  that  is  optimum  for  one  soil  is  optimum  for  others.  Three 
Klerile  soils  of  very  different  saturation  capacity  were  taken ;  400  gms.  of  each 
were  mixed  with  240  mgs.  of  nitrogen  as  ainmonluiu  sulphate,  inoculated  with 
10  If.  of  suspension  of  soil  1807,  and  incubatwl  four  week.s. 

The  results  are  given  in  Table  VI. 

Digitized  by  LjOOQIC 


13C 


THIRTY-SECOND  ANNUAL  REPORT,  1909. 


Table  VI — Expebiment  211 — To  Ascebtain  Whetheb  the  Degree  or  Sati- 

BATION   THAT   18    OPTIMUM   FOB   NITRIFICATION   IN   ONE    SOIL   IS   OPTIMrM  FOR 

Other  Soils. 


Number. 


Condition  of  Experiment  211. 
Water  Added. 


Medium- 
Soil. 

CC. 

Degree  of 
Saturation. 

2619 

2620 

Average  . 

1549 
1549 
1549 

30 
30 
30 

One-third 

One-third 

One-third 

2621 

2622 

Average  _ 

1549 
1549 
1549 

60 
60 
60 

Two-thirds... 

,  Two-thirds... 

Two-thirds... 

2623 

2624 

Average . 

1549 
1549 
1549 

100 
100 
100 

Three-thirds - 
Three-thirds . . 
Three-thirds.. 

2625 

2626 

Average  _ 

1783 
1783 
1783 

48 
48 
48 

One-third 

One-third 

One-third 

2627 

2628 

Avef  age  _ 

1783 
1783 
1783 

100 
100 
100 

Two-thirds... 

Two-thirds 

Two-thirds... 

2629 

2630 

Average . 

1783 
1783 
1783 

144 
144 
144 

Three-thirds.. 
Three-thirds.. 
Three-thirds.. 

2631 

2632 

Average  _ 

1931 
1931 
1931 

60 
60 
60 

One-third 

One-third 

One-third 

2633 

1931 
1931 
1931 

1931 
1931 
1931 

120 
120 
120 

180 
180 
180 

Two-thirds 

2634 

Average 

Two-thirds... 
Two-thirds 

2636 

2636 

Average  _ 

Three-thirds.. 
Three-thirds.. 
Three-thirds.. 

Results  of  Analysis. 
Percentage  of  Initial  Nitrogen  as— 

Ammonia.  Nitrite.  Nitrate. 


41.31  0.43  13.57 

39.91  0.83  14  in 

40.61  0.63  13  K? 

24.51  2.25  24. 2«* 

24.09  3.37  26. 0^ 

24.30  2.81  25.  l^ 

50.41  0.10  0  00 

62.79  0.10  0  «■ 

51.60  '  0.10  0.«l 

25.21  '  0.90  2Z  4\* 

28.01  i  1.80  21.W 

26.61  1.35  22.1'1 

16.80  '  0.25  23  SJ 

22.41  0.37  22  Sfi 

19.60  0.31  23. ^^ 

63.02  '  0.10  O.On 

57.42  ,  0.12  0  on 

60.22  0.11  0  (XI 

35.01  0.23  44.71* 

26.01  0.23  46.67 

30.61  0.23  45.73 

"'8"46 'trace 82"6o 

43.41  0.10  incf 

45  51  0.10  tract- 

44.46  0.10  trace 


In  this  case  each  soil  did  better  in  soil  culture  of  two-thirds  saturation 
than  in  either  one-third  or  complete  saturation,  though  the  d^ree  of  effect  of 
this  factor  varies  with  the  different  soils,  soil  1783  grlving  results  about  equal 
at  one-third  and  two-thirds  saturation,  while  the  two  other  soils  show  nearly 
100  per  cent  better  results  at  two-thirds  than  at  one-third  saturation. 

Tablk  VII — Experiment  202,  Showixg  Effect  of  Soii^  i.  e.,  N  C.  I'po?c 

NlTBIFICATION. 


conditions. 


Rbsui^ts. 


Number. 


Medium. 


Percentage  of  Initial  Nitrogen  Recovered  i 
Ammonia.  Nitrites.  Nitrates. 


2398-9 Sterile  1867. 

2400-1 Sterile  2250. 

2402-3 Sterile  2404. 


16.41 
31.86 
63.72 


trace 

17.75 

trace 

0.00 

trace 

0.00 
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FYom  the  last  three  experiments,  considered  together,  we  must  conclude 
rhat  for  different  soils  or  different  inoculums  there  are  different  optima  of 
situration. 

Erpcriment  20^.  To  show  the  effect  upon  nitrification  of  soils  with  dlffer- 
iTit  X  C,  set  up  July  33.  1908.  Incubated  four  weeks,  mixed  400  gms,  of  soil 
with  240  mgs.  nitrogen  as  ammonium  sulphate.  Inoculum  lOcc.  of  suspen- 
sion of  soil  1807.    The  results  are  shown  In  Table  VII. 

It  is  here  seen  that  the  same  inoculum  failed  to  Induce  nitrification  in  two 
skills,  though  it  brought  about  marked  nitrification  in  the  other  soils,  showing 
•  loarly  the  effect  of  the  soil  Itself  upon  nitrification,  i,  c,  of  the  necessity  of 
HHtignitlon  of  what  we  here  term  nitrifying  capacity  (N  C). 

Kxperiment  231.  To  determine  whether  with  different  Inoculums  different 
i-auk  is  given  to  soils  as  to  their  N  C.  Period  four  weeks,  medium  sterile 
«ill  400  gs.,  nitrogen  240  mgs.  as  ammonium  sulphate. 

Table  VIII — Experiment  231,  Showing  Effect  Upon  N  C  of  Different 

Inoculums. 


CONDITION'S  OP  ExPERnfBKT. 


Results. 


Number. 
Jd49-'51     . 

Began 
Experiment. 

12-  3-08 
12-  3-08 
12-  3-08 
12-  3-08 

12-  7-08 
12-  7-08 
12-  7-08 
12-  7-08 

12-14-08 
12-14-08 
12-14-08 
12*-14-08 

12-21-08 
12-21-08 
12-21-08 
12-21-08 

Medium 
Sterile 
.  Soil 

Number. 

1540 
1783 
1931 
2000 

1549 
1783 
1931 
2069 

1549 
1783 
1931 
2069 

1549 
1783 
1931 
2069 

Inoculum  Suspension 
of  Soil. 

No.  1867 

No.  1867 

No.  1867 

No.  1867 

Filter  bed 

Per  Cent  of 
Initial 

Nitrogen 
Recovered  as 
Nitrites  and 

Nitrates. 

0.00 
0.00 
9.09 
0.00 

6.10m 
3.89m 
12.85 
0.60 

0.00 
0.00 
0.00 
0.00 

0.00 
4.36m 
6.58P      • 
0.00 

Rankin 
NC. 

J952-4 

J955-'7 

.-.- 

J958-'60 

2**61-3 

2 

2S»i-'6 

Filter  bed 

3 

J967-'9 

Filter  bed 

1 

-'y71-*2. 

Filter  bed 

4 

iy«-'5 

J99«-*8 

J<»9»-3001 

.i002-'4 

.»22-*4 

«>25-'7 

iO28-*30.-    - 

N.  J.soil 

N.  J.soil 

N.  J.soil 

N.J.  sou 

Wis.  soil 

Wis.  soil 

Wis.  soil.. 

Wis.  soil 

2""' 
1 

.t031-*3 

m  Signifies  tliat  ttie  duplicate  samples  agreed  well. 

p  Signifies  that  the  duplicate  samples  did  not  agree  well. 

It  is  here  seen  that  though  soil  1931  gave  the  highest  N  C  with  each 
in<x'Qlum  used,  there  Is  variation  in  N  C  as  determined  by  the  use  of  different 
inormlunis,  since  soils  1549  and  1783  failed  to  nitrify  when  inoculated  with 
susfiension  of  1807.  though  one  of  them  nitrified  when  inoculated  with  the 
Wisconsin  susiieusion  and  both  when  inoculated  with  the  filter-bed  suspension. 

Kksi'Lts  of  Preuminary  Tests  of  N  E  and  of  N  I  P  Determined  in  Soils  and 
NIP  Determined  in  Solutions. 

THE  SOILS  TESTED. 

The  soil  from  Geneva  was  sent  by  H.  A.  Harding  with  the  statement  that 
it  came  from  a  field  "which  has  been  in  grass  for  many  years,  having  been 
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plowed  up  and  borne  one  crop  of  corn.  The  land  is  of  fairly  stiff  clay  and  of 
course  well  supplied  witli  organic  matter." 

The  soil  from  New  Jersey,  supplied  by  Dr.  Lipman,  was  a  red  shale  "which 
had  been  neglected  for  many  years,  but  whicii  has  receiyed  thorough  culti- 
vation for  the  last  three  years."  The  other  was  from  "an  area  which  ha> 
been  receiving  application  of  10-20  tons  of  manure  annually  for  more  than 
fifteen  years." 

The  soil  from  District  of  Columbia,  supplied  by  Dr.  Kellermau.  was  a  very 
rich,  black,  sandy  loam  which  was  said  to  be  of  good  nitrifying  power.  The 
soil  from  Michigan,  supplied  by  Prof.  W.  S.  Sayer,  was  a  "black  soil  from  a 
low  plat,  but  well  drained.  It  was  used  for  celery  last  year  and  for  potatoes 
this  year  after  a  heavy  coat  of  barityard  manure." 

The  soil  from  Wisconsin  is  described  by  A.  R.  Whitson  of  the  Wisconsiu 
Experiment  Station  as  follows:  "From  a  field  of  clay  loam  soil  of  glacial 
drift  origin  in  a  limestone  region.  The  subsoil  is  sandy  at  a  depth  of  three 
to  five  feet.  The  surface  drainage  is  fairly  poor,  underdrainage  is  jrocxl. 
The  field  has  been  in  alfalfa  i)erhat)s  three-fourths  of  the  time  the  past 
twelve  years.  During  that  time  it  has  had  top  dressings  of  manure  at  about 
fifteen  to  twenty  loads  to  the  acre  every  three  years.  It  is  Plat  No.  S  a« 
described  in  Prof.  F.  H.  King's  rei)orts  on  field  work  in  the  annual  reports 
of  this  Station,  from  the  fourteenth  to  the  twentieth.  It  has  grown  t^vo  or 
three  other  crops  of  corn  and  oats." 

Two  of  these  soils  supplied  by  Dr.  Stephen  DeM.  Grage  were  froin  the  sew- 
age filter  beds  Nos.  1  and  9  of  Lawrence,  Mass.,  "which  were  yielding  a 
highly  nitrified  effluent." 

The  Georgia  soil,  supplied  by  Mr.  J.  C.  Temple,  was  from  a  rich,  s«nndy 
loam  garden. 

All  of  these  soils  were  sent  in  response  to  a  request  for  soils  most  promis- 
ing as  nitrifiers. 

Experiments  218,  219,  221.    Determination  of  N  E  and  N  I  P. 

These  exi)eriments  were  conducted  after  the  manner  already  reported  ami 
are  sufficiently  explained  by  the  accompanying  summary. 

Table  IX — Summary  of  Results  of  Experiments  218,  219,  221,  Showi>'g 
Relation  N  E,  N  I  P  in  Soil  and  N  I  P  in  Solution. 


Number.                      Soil.  N  E. 

I 

1 Filter  No.  1 32.4 

2 Filter  No.  9 56.0 

3_ Michigan 85.2 

4 _-  Wisconsin 77.4 

6 -  New  Jersey,  H '  4.6 

6 New  Jersey  Red  Shale 7p .  5 


Rank. 

NIP 
in  Soil. 

Rank. 

NIP 
in  Solu- 
tion. 

Rank 

5 

12.5 

4 

5.0 

4 

4 

25.8       ' 

2 

10.7 

1 

1 

12.2 

5 

2.9 

6 

2 

'  15.5 

3 

6.0 

3 

6 

54.0 

1 

4.4 

5 

3 

4.7 

6 

7.0 

2 

8.1m 

4.5 

Some  of  the  above  tests  were  made  without  checks  and  some  without 
duplicates,  and  are  therefore  subject  to  slight  though  probably  insignificant 
error. 
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Table  IXa — B^xpebiment  23(),  Showing  Reijition  N  E,  N  I  P  in  Soil  and 
N  I  I*  IN  Solution. 


Xumber. 

2 

3 

4 

5 

6 


Soil. 


NE. 


NIP    I  NIP 

Rank.      tt:iS    i   Rank,     in  Solu-     Rank. 


Filter  No.  9 37.6 

New  Jersey,  H 38.3 

Michigan 90.31 

Wisconsin _ 87.34 

New  Jersey  Red  Shale  ...  62 .  33 

Geneva 65.78 

Georgia  No.  1... 80.82 


7 

49.6 

2 

12.9 

1 

6 

0.00 

5 

0.00 

6 

1 

8.45 

1 

9.79 

2 

3 

4.56 

3 

1.62 

3 

5  i 

trace 

4 

trace 

5 

4 

0.00 

6 

1.62 

3 

2 

0.00 

6 

'These  determinations  were  made  in  duplicate  and  nvith  checks.     Duplicates  agreed  well. 

It  is  seen  in  the  above  summaries  that  not  only  does  the  ordinary  solution 
test  fall  to  jflve  the  true  rank  of  the  polls  In  nitrifying  i)ower  (seen  most 
<learly  in  the  case  of  the  Georgia  soil),  but  that  the  soil  test  also  fails  to  do 
so,  indicating  clearly  that  N  C  plays  an  important  part  in  deteriuining  the 
X  K.  and  that  all  that  can  be  had  by  a  soil  or  a  solution  test  is  merely  an 
indication  of  the  bacterial  conditions,  not  a  true  measure  of  nitrifying  power 
of  the  soil  in  Its  natural  condition. 

METHODS  FOB  STANDARD  ANALYSIS. 

In  the  light  of  these  preliminary  experiments  and  of  results  previously 
rpiK)rted,  we  have  formulated  the  following  rules  for  determining  the  N  E, 
N  I  P,  and  N  C  of  soils.  The  results  of  some  hundreds  of  determinations  by 
th««»  methods  we  shall  present  in  the  annual  report  of  the  Experiment  Sta- 
tion at  a  later  date. 

determination  of  the  n  e  of  soils. 

Screen  the  soil  to  be  tested  through  a  wire  sieve,  of  3-4  mm.  mesh  (open- 
Injf  >,  to  remove  stones,  sticks  and  coarser  matter  and  to  make  the  soli  of  good 
*  t-onditlon  to  manipulate ;  then  determine  Its  saturation  capacity.  To  do  this, 
."i<>  grams  of  soil,  present  saturation  of  which  Is  known,  are  placed  on  a  i)orce- 
lain  plate  in  a  carbon  filter  and  a  measured  quantity  of  water,  a  little  more 
than  necessary  to  saturate  the  soil,  is  added,  and  the  effluent  Is  poured  upon 
the  soil  and  allowed  to  drain  through  again.  This  operation  Is  repeated 
twice  to  insure  complete  saturation.  The  amount  of  water  taken  up  by  the 
soil  is  determined  by  measuring  the  final  effluent  and  subtracting  from  the 
measured  quantity  originally  employed.  Allowance  is  made  for  water  already 
in  the  soil. 

Weigh  live  soil  equal  to  400  gs.  of  dry  aolP  into  a  500  cc.  Erlenmeyer 
tlas^k ;  add  240  mgs.  of  nitrogen  as  sterilized  ammonium  sulphate  solution,  with 
l»n»i>er  precaution  against  the  introduction  of  germs  extraneous  to  the  soil 
< ».  *.,  using  sterile  sieves,  containers.  Indies,  washing  the  hands  with  nearly 
*<urglcal  care,  etc.) ;  add  sterile  water  sufficient,  together  with  that  already 
in  the  soil,  to  make  It  closely  approximate  two-thirds  saturation;  plug  loosely 
with  cotton;  Incubate  at  30  to  35  degrees  for  four  weeks. 


'Dried  two  hours  at  1  lO*". 
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Set  iii>  in  duplicate  aud  with  two  control  flasks,  i.  e,,  400  gs.  of  the  same 
soil  in  the  same  conditions,  but  without  added  nitrogen.  Make  up  water  Iosjj 
weekly  in  all  flasks.  Determine  the  amount  of  nitrite  and  nitrate  present  iu 
each  flask  at  the  end  of  the  incubation  period  and  report  in  terms  of  the 
element  nitrogen." 

Subtract  the  average  of  the  nitrite  and  nitrate  nitrogen  found  in  the  twu 
control  flasks  to  give  the  net  nitrite  and  nitrate  nitrogen  produced  by  organ- 
isms in  the  soil  in  question. 

Express  the  N  E  as  a  coefficient  equal  to  the  per  cent  of  the  original  24t> 
ings.  of  added  nitrogen  that  is  represented  by  the  net  nitrite  and  nitrati* 
nitrogen  found. 

When  deteripining  the  N  E  for  soils  normally  saturated  or  immersed,  test 
the  soils  saturated  instead  of  two-thirds  saturated. 

DISCUSSION  OP  N  E  METHOD. 

To  strictly  reflect  fleld  conditions,  humidity  should  be  that  of  the  field. 
Field  conditions  are,  however,  variable  and  such  nitrification  as  does  occur 
takes  place  mainly  at  moisture  nearly  the  optimum.  We  therefore  adopt  two- 
thirds  saturation  as  a  standard  condition  for  normally  drained  agricultuml 
soils,  and  of  course  a  condition  of  complete  saturation  for  all  soils  that  are 
normally  saturated.  Since  soils  ^vary  In  their  optimum  moisture  relation.  It 
would  be  still  better  to  use  the  optimum  for  each  separate  soil  studied.  Thi^ 
Is,  however,  manifestly  impossible  except  in  case  of  exhaustive  research  upon 
special  soils. 

The  temperature  suggested  is  near  the  optimum  for  most  nitrifying  bac- 
terial complexes  and  is  adopted  for  substantially  the  reasons  leading  to  the 
adoption  of  the  optimum  saturation. 

The  time,  four  weeks,  nearly  one-third  of  a  crop-growing  season,  is  ample 
to  give  easily  measured  results  in  cases  of  soils  in  good  nitrifying  condition. 
Very  poor  nltriflers  would  give  different  records  with  longer  time;  but  this 
would  retard  work  greatly,  probably  without  affecting  conclusions  materially. 

Aeration  is  probably  better  in  these  test  conditions  than  in  the  field,  but 
probably  not  so  different  as  to  materially  affect  results.     (See  experiment  76. » 

That  some  nitrate  is  formed  in  the  soils  that  is  not  recovered  in  analysis 
is  certain.  This  is  the  chief  objection  to  the  use  of  soils  as  a  medium ;  but  In 
view  of  the  complete  inadequacy  of  solutions  as  a  medium,  there  is  no  escape* 
from  the  dilemma,  and  soils  must  be  used. 

Experiment  315,  To  determine  the  power  of  water  to  extract  added  nitrates 
from  the  soil.  For  this  purpose  three  samples  of  soil  were  taken,  viz. :  Nos. 
1931,  a  sandy  loam,  3553,  a  red  clay,  and  3705,  a  soil  rich  in  organic  matter 
which  had  been  used  for  horticultural  pot  experiments.  These  soils  yielded  to 
water  respectively  2.38,  0.92,  and  3.72  mgs.  nitrogen  per  400  gs.  of  soil.  Sej^- 
rate  portions  of  400  gs.  of  soil  were  taken,  sodium  nitrate  was  added  in 
amounts  which  corresponded  to  various  percentages  of  240  mgs.  nitrogen.  The 
.samples  were  shaken  two  hours  with  the  usual  amount  of  water  and  nitrates 
were  determined  in  the  water  extracts.  These  amounts  are  expressed  as 
follows.  Deductions  were  made  of  the  amounts  extracted  from  the  natural 
soils. 


^Stevens  and  Withers.     I— Studies  in  Soil  Bacteriology.     Centbl.  Bakt.  Abt.  II,  Bd,  23, 
1909,  p.  355. 


Digitized  by  LjOOQ IC 


NITRIFYING  AND  AMMONIFYING  POWERS  OF  SOILS. 


341 


Tabi.k  X — ExPERiME?JT  315,  TO  Dgtebmine  the  Ability  of  Watf:r  ix)  Extract 
Added  Nitbates  fbom  the  Soil. 


I>ciermined. 
I 

Nitrogen  Added 

Percentage  of 

240  Mgs. 

1  on 

-'  ..                                      1  on 

\verajce.      

1  f^ 

1 3  00 

2  .                                       a  on 

A\>rage 

I 

3.00 

1'                                            A  on 

Awraite 

6.00 
in  nn 

2                                         in  nn 

Average 

1 

10.00 

15.00 
15  00 

Averare 

15  00 

1 20.00 

2                                           90  nn 

Arerage 

1 

20.00 

9S   00 

■2 9  fi  nn 

Average 

25.00 

jixs  no 

•2 j>n  no 

Average.... 

1 _ 

50.00 
75  00 

Average ... 

75.00 
7«»  nn 

1 lOO  nn 

Average ,  11 ..  I .  II 

100.00 
100.00 

Percentage  of  Nitrogen  Recovered  from  Soil  Number — 


1931. 


41.66 
53 .  10 
47.38 

41.66 
41.66 
41.66 

69.00 
69.09 
69.09 

87.70 
84.50 
86.60 

83.45 
83.45 
83.45 

79.85 
78.30 
79.08 

85.20 
83.92 
84.56 

96.46' 
93.96 
95.21 

02.47 
91.63 
92.05 

97.09 
97.40 
97.25 


3553. 


44.16 
44.16 
44.16 

42.20 
42.20 
42.20 

47.33 
47.33 
47.33 

47.00 
47.00 
47.00 

54.21 
55.52 
54.87 

62.66 
64.20 
63.38 

65.56 
62.64 
64.10 

68.90 
70.16 
69.53 

83.92 
83 .  10 
83.51 

85.19 
84.56 
84.88 


3705. 


40.80 
40.80 
40.80 

40.00 
40.00 
40.00 

68.00 
68.00 
68.00 

87.70 
81.40 
84.56 

91.93 
91.93 
91.93 

93.95 
93.95 
93.95 

84.44 
83.92 
84.18 

90.20 
89.58 
89.39 

92.88 
93.29 
93.09 

95.21 
94.59 
94.90 


These  tables  show  the  recovery  of  only  about  40  per  cent  nitrates  when 
•^mall  quantities  were  added  and  more  than  twice  this  amount  when  large 
quantities  were  added.  These  results  show  that  figures  given  elsewhere  in  this 
I'aper  are  not  absolute;  but  as  the  percentage  recovered  increases  fairly  regu- 
larly, the  incomplete  recovery  does  not  interfere  with  the  conclusions,  which 
have  been  drawn. 

These  facts  are  represented  graphically  in  the  following  diagrams,  which 
u  ♦*rf  drawn  by  Ia  L.  Vaughan  : 
t90r 
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TO  DETEBMINE  N  I  P  OF  SOILS. 

Make  a  bactt*rlal  suspension  from  the  soil  to  bo  tested,  taking  100  p*.  "f 
soil  to  200  gs.  of  sterile  distilled  water,  shaking  three  mlnut(»s,  seilimenting  f<»r 
tive  minutes,  using  the  suix^ruatant  fluid.  All  work  to  be  done  aseptionil.v. 
As  a  medium  use  the  e(iulvalent  of  400  gs.  of  dry  standard  soil,  sterilized,  two- 
thirds  saturated,  with  240  mgs.  of  nitrogen  added  as  ammonium  snlplwte. 
After  inoculation  with  75  cc.  of  the  bacterial  suspension  from  the  soil  to  N' 
t(»sted.  culture  in  Erleimieyer  flasks  as  for  the  determination  of  N  E. 

Do  in  duplicate  and  determine  the  nitrite  and  nitrate  nitrogen  present  :ii 
end  of  four  weeks.  From  the  average  of  the  two  flasks  subtract  nitrite  luwl 
nitrate  nitrogen  ecpial  to  that  in  the  culture  at  the  beginning,  if  any.  i" 
secure  the  nvt  nitrite  and  tiitratr  nitrofn'ii  produced.  ^ 

Express  N  I  P  as  a  coefficient  equal  to  the  per  cent  of  original  iiitn>i:en 
changed  to  nitrite  and  nitrate  nitrogen  under  these  standard  conditi<ms  in 
standard  time.  When  determining  N  I  P  for  soils  nonnally  saturated,  «^' 
saturated  cultures. 

DlSCrsSlOX  OF  NIP   METHOD. 

An  artificial  soil  of  high  N  C,  which  might  be  universally  stamlanl.  i> 
desirtHl,  but  our  attempts  to  construct  such  an  artificial  medium  have  faiN 
utterly. 

We  recognize  that  with  the  use  of  a  different  standard  soil  souiewlinr 
diffc^rent  results  would  he  liad.  but  are  convinced  that  the  results  had  i»y  tin* 
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iiH'tUod  here  outlined  approach  the  truth  more  nearly  than  earlier  methods 
:ulv()cated  and  employed  and  give  a  near  approximation  to  the  truth.    No 
«»ne  m(Hlium  can  reveal  the  whole  truth. 
Thf  standard   used  by  us   is   our   soil   1931,   which   may   be  described   as 

fnlloWrt  : 

TABI.K  XI — Standard  Soil  11)31 — ('ij^ssification,  Ckcil  Sandy  Loam.* 

Gravel  over  2  mm.  diameter,  2.72  per  cent.     Mechanical  analysis  of  the  fine 
luirtlcles  shows  the  following: 


Diameter 
mm. 


Per  Cent. 


I - 2-1  3.74  Finegravel. 

-    1-.5  9.91  Ck>arse  sand. 

i .5-. 25  9.42  Mediumsand. 

4 .-  .25-1  32.55  Fine  sand. 

'>   .1-.05  13.52  Veryflnesand. 

*i 05-. 005  22.07  Silt. 

T .005-0  8.84  Clay. 

Total 100.05 

A  Chemical  analysis  showed  the  soil  to  contain: 

Moti»ture __.  7.03      percent. 

Huraus _ 2.61      per  cent. 

Nitrofen  total _ __. 0.082    per  cent. 

Nitroiren  as  nitrites _.  0.000    per  cent. 

-Viirogwi  as  nitrates _ _._  0 .0006  per  cent. 

Vikalinity  in  terms  of  CaCOj _ 0 .0074  per  cent. 

Phosphoric  acid Faint  trace. 


TO  DETEBMINE  N  C  OF   SOILS. 

Tb«»  soil  to  lie  tested  shall  be  prepared  as  for  the  determination  of  N  E,  then 
^t^Tllized.  iuiK'ulated,  and  subsetiuently  treated  as  for  the  determination  of 
Uit*  NIP;  using  the  sjime  inoculum  at  the  same  time  in  parallel  cultures  in 
standard  soil.'    All  cultures  to  be  done  in  duplicate  with  ccmtrols. 

Ttie  X  C  la  expressed  as  a  coefficient  e<iual  to  the  coefficient  obtained  by  the 
^»il  to  be  tested,  divided  by  the  coefficient  obtainetl  by  the  standard  soil. 

If  it  were  possible  to  maintain  a  standard  inoculum,  the  N  C  could  be 
•  Ure<.-tly  determined,  but  means  of  maintaining  such  an  inocuhmi  have  not  yet 
i  •fii  devised. 

We  recognize  here  that  the  ust»  of  a  dlflferent  inoculum  would  lead  to 
^•uiewhat  different  results,  and  that  tests  with  no  one  inoculum  can  reveal 
f  fi*»  whole  truth. 


*Tbe  classification  and  mechanical  analysis  were  made  by  (1. 
•  rj^-mist.  N.  C.  1>epartment  of  Agriculture. 


M.   MacNidor,  Assistant 
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STANDARD  METHOD   BEGABDING   AMMONIFICATION. 

For  the  same  reason  set  forth  regarding  nitrification,  we  believe  that  tlie 
ends  of  Soil  bacteriology  will  be  furthered  by  the  adoption  of  similar  indict's 
regarding  the  soil  factor  of  ammonification.  We  therefore  propose  the  terms 
Ammonifying  Efficiency  (A  E),  Ammonifying  Inoculating  Power  (A  I  V\ 
and  Ammonifying  Capacity  (A  C),  to  be  determined  in  the  following  ways: 

To  Det&'mine  A  E. 

The  sample  to  be  prepared  and  tested  as  for  N  E,  with  the  exception  that 
200  gs.  of  soil  be  used  and  that  nitrogen  120  mgs.  be  added  as  cotton-set'^l 
meal  instead  of  as  ammonium  sulphate;  incubation  to  be  for  seven  days: 
analysis  to  be  for  ammonia.* 

To  Determine  A  I  P. 

The  sample  to  be  prepared  and  tested  as  for  N  I  P,  except  that  nitrogen 
be  added  as  cotton-seed  meal  medium  200  gs.  inoculum  25  cc.  and  that  incubu- 
tion  be  for  seven  days  and  analysis  for  ammonia. 

To  Determine  A  C. 

The  sample  to  be  prepared  and  tested  as  for  N  C  medium  200  gs.,  the 
inoculum  to  be  1  cc.  of  a  pure  culture  of  B. .  SurhtUis  twenty-four  hours  old  in 
standard  beef  bouillon  at  incubator  temperature,  which  culture  was  inocu- 
lated with  one  oese  from  another  culture.  This  inoculum  to  be  freiiuently 
standardized  against  standard  soil  and  corrections  made  for  any  change  fron. 
its  original  ammonifying  power. 


iFor  methods  see  Stevens  and  Witliers,  II — Studies  in  Soil  Bacteriology.     Centbl.  Bak: 
ab.  II,  Bd.  23,  1909,  p.  776. 
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[Press  Bcixetin,  No.  16,  September  1,  1908.] 

SELECTIHO  SEED  CORH  FOR  LARGER  TIELDS. 


By  C.  B.  WILLIAMS,  Director. 


The  practice  of  selecting  seed  com  from  the  barn  late  in  the  spring  costs 
the  farmers  of  North  Carolina,  in  decreased  yields  of  shelled  corn,  an  amount 
equal  to  more  than  five  million  dollars  annually.  Just  so  long  as  this  method 
is  followed,  just  so  long  will  the  corn  growers  of  the  State  lack  this  amount 
of  producing  what  they  might  with  the  same  treatment  under  identli^al  con- 
ditions were  they  to  use  better  methods  in  the  selection  of  their  seed  corn. 
The  proper  place  to  select  seed  for  planting  purposes  next  year  is  in  the  field 
this  fall.  One  day  spent  in  the  field  in  selecting  seed  corn  properly  will  pay 
better  in  increased  yields  than  most  any  labor  performed  during  the  entire 
year.  There  are  many  ways  in  which  this  work  might  be  done  satisfactorily, 
the  exact  method  depending  upon  local  conditions  and  practices.  Economy  of 
I^erformance  of  the  operation  is  always  to  be  looked  after,  but  not  at  a  sacri- 
fice of  efficiency.  Where  corn  is  gathered  from  stalks  in  the  field  in  the  usual 
way,  a  good  method  for  the  corn  grower  to  use  is  to  sling  a  cotton-picking 
bag  over  the  shoulder  or  take  a  basket  in  the  hand  and  go  through  and  -make 
the  selections  from  the  field  of  com  which  he  has  that  is  a  little  above  the 
average  in  productivity.  Take  two  rows  at  a  time  and  select  seed  from  those 
stalks  which  have  two  well-developed  ears  per  stalk,  remembering  that  in  the 
selection  of  seed  one  should  select  from  the  stalks  that  will  yield  the  largest 
amount  of  shelled  corn  per  stalk.  The  reason  why  it  is  advised  selecting 
from  two-eared  stalks  is  because  in  testing  and  studying  varieties  of  corn 
(luring  the  past  eight  years  on  the  Experiment  Station  farm,  and  elsewhere, 
it  has  been  found  that  the  l)est  yielders  of  shelled  corn  per  stalk,  and  hence 
I>er  acre,  were  those  that  averaged  near  two  earn  per  stalk.  Take  both 
of  the  ears  if  they  are  good  ones,  and  reject  both  if  they  are  not.  Do  not 
give  much  detailed  attention  to  the  shape  of  the  ears  and  grains  during  field 
selection,  but  reserve  this  for  some  rainy  or  snowy  day  during  the  winter  and 
have  the  young  boys  around  to  help,  as  ther^  is  no  form  of  farm  work  that  will 
interest  them  more  or  lead  them  to  take  a  deeper  interest  in  the  work  of  the 
farm.  One  reason  why  so  many  boys  leave  the  farm  is  because  they  are  not 
taught  that  there  is  something  more  in  farming  than  the  mere  drudgery 
connected  with  it.  When  going  through  the  field  selecting  these  ears  it  might 
be  well  to  have  the  boys  along  too,  if  they  are  old  enough  to  appreciate  the 
value  and  importance  of  what  is  being  done.  A  cart  or  wagon  might  be  at 
one  end  of  the  rows  and  when  you  get  there  each  time  empty  the  basket  or 
bag.  Enough  corn  should  be  gathered  in  this  way  so  that  when  the  more 
careful  selection  is  made  during  the  winter  at  the  barn,  having  in  mind  the 
best  shape  of  ears  and  kernels,  enough  will  be  left  for  planting,  after  throw- 
ing out  the  ears  of  poor  shape  and  those  having  kernels  not  up  to  the  proper 
type  it  is  wished  to  use  for  planting.  Select  from  the  field  three  to  five 
times  as  much  corn  as  it  is  expected  to  be  needed,  so  that  a  very  rigid  selec- 
tion of  the  ears  may  be  made  during  some  winter  day.     Make  selections  from 
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stalks  that  not  only  bear  two  well-developed  ears,  but  from  those  that  have 
a  good  leaf  development  and  large  root  system.  Select  ears  that  are  borne  at 
a  uniform  and  convenient  height,  for  such  ears  are  more  easily  and  cheaply 
gathered,  they  ripen  more  uniformly,  and  are  less  liable  not  to  have  the 
embryo  grains  fertilized,  as  the  tasselling  of  all  stalks  will  be  practically  at 
the  same  date  and  the  pollen  from  all  will  be  glv^n  off  at  about  the  same 
time.  The  ears  should  be  held  not  upright,  but  in  a  rather  drooping  position, 
as  such  ears  are  less  liable  to  rot,  as  they  will  shed  the  tain  rather  than 
admit  it  into  the  ears,  as  they  frequently  do  when  held  in  an  upright  position: 
especially  is  this  so  if  the  husks  (shucks)  do  not  cover  the  tips  of  the  ear:? 
completely.  Also,  it  is  well  to  discard  all  ears  that  have  the  tips  poorly 
covered  with  husks,  even  If  all  the  other  characteristics  are  up  to  require- 
ments. When,  during  the  winter,  the  corn  thus  gathered,  is  gotten  out  for 
more  careful  selection,  choose  those  ears  of  cylindrical  shape  and  those  which 
possess  deep  wedge-shaped  and  large-germed  grains  which  completely  and 
deeply  cover  the  cobs  and  which  are  arranged  in  parallel  rows.  Select  heavy, 
well-matured  ears  that  have  medium-sized  cobs  with  kernels  that  are  heavy 
in  weight  and  medium  rough  in  indentation,  and  which  have  the  butts  and 
tips  fairly  well  filled  out.  Keep  the  seed  stored  in  a  dry  place  until  plant- 
ing time. 

If  you  have  not  selected  your  seed  corn  before  from  the  field  in  the  way 
indicated  above,  try  it  this  fall.  You  may  he  a  little  doubtful  of  the  value  <»f 
this  extra  effort,  but  give  it  a  fair  trial  and  we  feel  sure  that  you  will  never 
go  back  to  the  old  and  less  profitable  method  of  selecting  seed  com  from 
the  barn. 
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[Press  Bulletin,  No.  18,  February  15,  1908.1 

THE  APPLE  BITTER  ROT. 


By  F.  L.  STEVENS,  Biologist. 


Occurrence  in  North  Carolina. — ^This  disease  occurs  in  very  destructive  form 
throughout  the  Piedmont  and  eastern  sections  of  the  State,  though  it  is  possi- 
bly less  destructive  further  west.  In  a  recent  trip  through  the  middle  section 
of  the  State  the  writer  saw  dozens  of  orchards  ruined  by  this  rot  which,  but 
for  the  presence  of  it,  woiild  have  yielded  largely.  In  many  of  the  orchards 
visited  the  trees  were  in  fine  condition,  showing  suitability  of  soil  and  climate, 
and  they  bore  an  abundance  of  fruit,  but  closer  examination  showed  that  the 
ground  under  the  trees  was  completely  covered  with  rotten  apples  and  that 
the  apples  still  on  the  trees  had  numerous  specks  of  soft,  brown  rot.  In 
many  villages  and  towns  all  apples  offered  for  sale  in  stores  were  affected 
with  this  rot. 

The  facts  as  stated  above  show  the  very  destructive  prevalence  of  this 
disease  in  this  State. 

This  rot  has  been  known  in  destructive  form  in  the  United  States  since  1867. 
It  is  estimated  to  have  done  $1,500,000  of  damage  in  four  counties  In  Illinois 
in  1900.  In  the  Middle  States  the  losses  are  estimated  to  be  from  one-half  to 
three-fourths  of  the  entire  crop.  The  President  of  the  National  Apple  Ship- 
pers' Association  estimated  the  damage  in  the  United  States  in  1900  at 
$10,000,000. 

Description  of  the  Bitter  Rot. — ^There  are  many  different  types  of  apple  rot 
— some  are  hard,  some  soft,  some  wet,  some  dry,  some  of  one  color  and  some 
another,  etc.  The  bitter  rot  of  the  apple,  sometimes  called  the  ripe  rot,  is  a 
soft,  wet,  yellow  rot,  occurring  usually  as  circular  spots  on  the  fruit.  These 
spots,  of  which  there  may  be  from  one  to  twenty  or  more  on  each  apple, 
enlarge  rapidly,  run  together,  and  the  whole  fruit  becomes  a  soft,  rotten  mass. 
The  disease  usually  begins  while  the  fruit  is  still  hanging  on  the  tree,  and  as 
the  disease  progresses,  many  of  the  apples  fall  to  the  ground  below. 

Cause  of  the  Rot. — ^This  rot  is  caused  by  a  fungus,  known  as  Glaeosporium, 
the  spores  of  which  fall  upon  the  apple,  grow,  penetrate  it»  and  cause  the 
decay.  The  spores  are  produced  in  immense  quantities  in  small  pustules, 
which  appear  upon  the  rotted  surface.  In  many  instances  the  fungus  passes 
the  winter  in  cankered  spots  on  the  twigs  and  bark. 

Treatment. — ^There  are  two  forms  of  treatment,  both  of  w^hich  should  be 
followed. 

First,  inasmuch  as  the  fungus  is  known  to  winter  in  the  canker  on  the 
branches,  it  is  important  when  the  leaves  are  off  the  trees  to  carefully  inspect 
the  orchard,  hunt  out  these  cankers,  cut  them  out  and  burn  them,  and  thus 
remove  the  most  dangerous  source  of  spring  infection. 

Second,  the  trees  should  be  sprayed  with  Bordeaux  Mixture  in  order  to  kill 
all  spores  which  fall  upon  the  fruit  or  twigs.  Spraying  should  be  applied 
before  the  buds  begin  to  swell  in  the  spring,  just  after  the  blossoms  fall,  and 
every  ten  or  fourteen  days  thereafter  until  the  fruit  is  almost  ripe. 

These  two  treatments  combined  will,  to  a  very  large  extent,  serve  to  control 
this  very  serlons  disease.  ^.g,,,^^^  by  V:.UUglC 
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SUPPRESSIOH  OF  TERRAPnr  BUGS. 

(Also  knoicn  as  Fire  Bugs,  Calico  Bugs,  Harlequin  Bugs,  and  Collard  Bugs.) 


By  R.  I.  SMITH,  Entomologist. 


SOME  IMPORTANT  FACTS. 

As  the  remedial  measures  given  below  are  based  upon  certain  vulnerable 
points  in  the  life-history  of  this  insect,  the  following  important  facts  are  given : 

1.  Terrapin  bugs  hibernate  during  winter  in  the  adult  stage. 

2.  They  may  now  be  found  on  collard,  turnip,  cabbage,  kale,  and  other 
cruciferous  crops,  as  well  as  occaMonally  on  other  plants. 

3.  Terrapin  bugs  feed  on  the  plant  juices,  obtained  by  means  of  a  slender 
pointed  beak.  Hence  they  cannot  be  poisoned  with  arsenical  sprays  like  Paris 
green. 

4.  Each  individual  may  lay  from  ten  to  fifteen  masses  of  twelve  eggs  each, 
or  from  one  hundred  and  twenty  to  one  hundred  and  fifty-six  eggs.  Occa- 
sionally a  greater  number  are  laid. 

r».  The  period  of  egg-laying  lasts  about  two  months.  In  spring,  the  ejrss 
require  about  eight  to  eleven  days  to  hatch,  but  only  three  to  four  in  hoi 
weather.  ^ 

6.  There  are  only  three  full  broods  annually,  but  some  bugs  in  all 
stages  of  development  may  occur  in  the  fields  as  late  as  November. 

7.  The  bugs  which  become  adults  after  about  September  1  do  not  lay 
eggs  the  same  fall,  but  live  over  winter  and  produce  the  first  spring  brood. 

8.  Every  adult  female  terrapin  bug  destroyed  this  fall  might,  if  allowed  to 
live,  produce  over  one  hundred  bugs  next  spring. 

WHY  THE  ABOVE  FACTS  ARE  OF  VALUE. 

The  above  facts  are  pertinent,  and  some,  especially  numbers  4,  6,  and  7.  are 
NEW,  and  have  been  obtained  by  the  writer  as  a  result  of  a  careful  study  of 
the  terrapin  bug — its  habits  and  life-history — during  the  present  year.  This 
work  shows  quite  conclusively  that  the  farmer  has  a  good  opportunity  to  pre- 
vent a  large  part  of  the  annual  loss  of  thousands  of  dollars  caused  by  the 
deterioration  in  the  value  of  crops  attacked  by  this  destructive  pest.  The 
opportunity  centers  on  the  fact  that  all  bugs  maturing  after  about  September 
1  do  not  lay  eggs  the  same  season.  If  all  adult  bugs  present  during  Sep- 
tember, October,  and  November  did  lay  eggs  continuously,  it  would  be  a  never- 
ending  task  to  collect  or  to  destroy  them  by  spraying.  The  mature  bugs  are 
not  easily  killed  by  a  contact  spray  like  kerosene  emulsion,  although  it  will 
kill  most  of  the  young  ones.    Only  a  few  eggs  would  be  killed  by  spraying. 

These  facts  are  presented  at  this  time  in  order  to  stimulate  farmers  and 
gardeners  to  fight  the  terrapin  bugs  now  during  the  first  days  of  November 
It  matters  not  whether  the  bugs  are  present  in  small  or  large  numbers.  It  is 
certain  that  the  bugs  will  have  to  be  fought  next  spring  and  summer  if  they 
are  not  destroyed  now;  and  just  consider  how  much  easier  it  is  to  catch  aod 
kill  one  terrapin  bug  at  this  time  than  it  will  be  to  wait  and  destroy  her 
progeny  next  spring,  numbering,  perhaps,  over  one  hundred.^  , 
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HOW  TO  DESTROY  THE  BUGS. 

In  the  opinion  of  the  writer,  there  are  only  two  effective  methods  of  destroy- 
ing terrapin  bugs :  one  being  hand  picking  and  death  by  crushing  or  dropping 
in  kerosene,  and  the  other  the  use  of  a  contact  spray  like  strong  kerosene 
emulsion,  that  will  kill  all  the  bugs  it  can  be  made  to  touch. 

Hand  Picking, — Unless  the  bugs  are  very  numerous,  hand  picking  is  the  most 
practical  remedy.  Children  may  do  the  work  as  well  and  even  faster  than 
grown  persons.  The  bugs  may  be  collected  quite  rapidly  by  picking  all  in  sight 
and  then  shaking  the  plants  and  collecting  those  that  drop.  This  work 
should  be  done  on  warm,  sunny  days,  when  the  bugs  are  not  in  hiding,  and  one 
should  not  expect  to  get  all  at  the  first  picking.  Go  over  the  infested  plants 
two  or  three  times,  and  on  different  days.  The  results  from  one  thorough 
picking  will,  however,  fully  repay  the  farmer  for  his  time  and  cost. 

In  fields  in  which  the  infected  crop  is  of  no  further  value,  the  plants  may  be 
pulled  and  piled  in  small  heaps  and  left  a  couple  of  days  until  the  terrapin 
bugs  congr^ate  on  them,  when  the  bugs  may  be  readily  killed  by  burning  or 
treatment  with  pure  kerosene.  Be  sure  that  the  bugs  are  destroyed  before 
they  migrate  to  other  feeding  grounds. 

Spraying  the  Crop. — This  method  is  of  some  value,  but  is  not  strongly  recom- 
mended for  use  at  this  time  of  the  year.  Kerosene  emulsion  at  25  to  30  per 
cent  strength  will  kill  many  bugs,  if.  it  can  be  applied  so  as  to  cover  them 
thoroughly.  It  is  recommended  mainly,  however,  for  killing  the  small  or  half- 
grown  bugs  during  summer.  Where  bugs  occur  on  worthless  plants,  pure 
kerosene  may  be  used  with  good  results  so  far  as  killing  the  bugs  is  concerned, 
but  the  expense  will  often  be  more  than  would  be  required  by  hand  picking. 

By  following  the  directions  given  above,  thousands  of  dollars  will  be  saved 
annually  to  North  Carolina  farmers. 
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SPRING  DESTRUCTIOH  OF  TERRAPIH  BUGS. 


By  R.  I.  SMITH,  Entomologist. 


The  annual  loss  caused  by  terrapin  bugs  sucking  the  life  out  of  collards,  cab- 
bages, turnips,  and  allied  plants  is  difficult  to  estimate  accurately,  but  cer- 
tainly amounts  to  thousands  of  dollars  in  North  Carolina.  A  large  propor- 
tion of  this  loss  may  be  prevented  if  farmers,  gardeners,  and  truckers  will 
take  the  trouble  to  collect  or  in  some  way  destroy  the  bugs  that  first  appear 
this  spring.  We  have  conclusive  evidence  that  such  work  may  be  made  a 
paying  investment.  We  cannot,  however,  continue  to  wait,  as  is  usually  done, 
until  the  bugs  become  so  numerous  as  to  cause  very  noticeable  injury  in 
gardens  or  fields,  but  on  the  contrary  they  must  be  destroyed  before  they 
commence  to  lay  eggs;  otherwise  the  annual  loss  will  remain  the  same  or 
will  increase. 

In  November  last  this  Station  published  a  press  bulletin  urging  farmers  to 
immediately  collect  and  kill  the  terrapin  bugs,  then  in  their  fields,  to  pre- 
vent their  living  in  such  numbers  through  the  winter.  Now  it  seems  advis- 
able to  urge  the  equally  important  work  of  destroying  those  individuals  that 
escaped  last  fall,  and  which  will  soon  commence  to  come  out  from  their 
winter  hiding  quarters. 

ONLY  ADULT  BUGS   SUBVIVE  THE   WINTEB. 

Eggs  and  young  bugs  do  not  live  through  the  winter  in  this  State;  hence  it 
is  only  full-grown,  strong,  adult  males  and  females  which  survive  by  finding 
favorable  hibernating  quarters  under  rubbish  around  the  gardens,  under 
stones,  in  fence  comers  and  similar  places,  where  they  are  protected  from 
the  weather.  As  this  has  been  a  mild  winter,  they  are  liable  to  appear  in 
greater  numbers  than  usual  in  the  spring. 

WHEN  EGG-LAYING  COMMENCES. 

We  could  not  consistently  urge  the  task  of  destroying  the  overwintering 
bugs  if  they  commenced  to  lay  eggs  upon  their  first  appearance.  Careful 
observation  has  shown  that  at  least  two  weeks*  time  elapses  after  the  bugs 
appear  before  the  first  eggs  are  deposited.  During^  this  period  they  are  very 
actively  feeding  and  mating,  and  the  majority  will  congregate  on  the  few  old 
plants  left  from  last  season's  crop.  Wild  mustard  and  turnips  are  favorite 
food  plants,  and  collards,  with  their  broad  leaves,  often  harbor  a  large 
number  of  them. 

The  prime  object  of  this  article  is  to  emphasize  the  fact  that  the  farmer 
or  gardener  who  watches  closely  for  the  first  terrapin  bugs  to  appear  has 
about  two  weeks'  time  to  kill  them  and  still  prevent  the  majority  from  lay- 
ing eggs  for  the  first  generation. 

BATE  OF  INCBEASE. 

Have  you  ever  considered  the  actual  benefit  that  results  from  killing  one 
female  terrapin  bug  when  she  first  appears  in  spring.    Observe  the  following 
statements :   The  average  number  of  eggs  laid  by  each  bug  varies  from  eighty- 
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four  to  ninety-six — ^that  is,  seven  or  eight  masses  of  tw^ve  eggs  each, 
deposited  over  a  period  of  from  four  to  eight  weeks.  There  are  three,  full 
generations  each  year.  Suppose  we  kill  a  single  terrapin  bug  and  thus  pre- 
vent ninety-six  young  for  the  first  generation,  of  which  one-half  might  be 
females.  If  these  forty-eight  females  reproduced  at  the  same  rate,  the 
second  generation  would  number  4,608  individuals.  Counting  only  one-half 
as  females,  each  capable  of  producing  ninety-six  young,  the  third  generation 
would  reach  the  enormous  numl>er  of  221,184,  the  progeny  of  one  female  in 
a  single  year.  We  can  divide  this  number  by  one  hundred  and  still  have 
over  2,200  as  the  number  of  bugs  prevented  by  killing  one  individual  when  she 
first  appears. 

During  the  warm  summer  months  a  minute  parasite  in  the  form  of  a  tiny 
black  fly  destroys  a  large  percentage  of  the  eggs,  but  as  a  general  thing  these 
parasites  do  not  become  abundant  until  the  first  generation  is  well  developed ; 
so  that  the  destruction  of  the  bugs  that  produce  the  first  generation  is  more 
essential  than  the  death  of  bugs  later  in  the  year.  Another  point  in  favor  of 
early  destruction. 

Are  not  the  above  facts  sufllcient  to  impress  farmers  with  the  importance 
of  spring  destruction  of  terrapin  bugs? 

HOW  TO  DESTROY  THEM. 

Hand  Picking, — ^This  is  probably  the  most  valuable  method  of  killing  ter- 
rapin bugs  at  any  season  of  the  year.  The  work  can  be  done  rapidly  by  chil- 
dren. The  bugs  are  inclined  to  hide  on  cold,  windy,  or  dark  days;  so  that 
warm,  sunny  days  should  be  selected  for  this  task.  We  cannot  expect  to  find 
all  the  bugs  in  one  day,  or  even  the  majority  of  them.  A  good  plan  would 
be  to  collect  two  or  three  times  a  week,  but  be  certain  to  commence  within  a 
few  days  after  the  bugs  first  appear.  They  may  be  killed  by  crushing  or 
by  dropping  in  a  little  kerosiene. 

Spray  with  Pure  Kerosene. — ^When  the  bugs  are  abundant  on  worthless 
plants  they  may  be  killed  with  pure  kerosene.  With  the  aid  of  a  small  spray 
pump  a  large  number  of  bugs  may  be  killed  in  a  few  hours. 

Arsenical  poisons  are  not  effective  against  this  insect,  which  feeds  by 
sucking  the  plant  juice. 

Kerosene  emulsion  of  15  or  20  per  cent  concentration  is  used  with  success 
for  killing  small  or  half-grown  bugs,  but  this  treatment  will  not  kill  many 
adults.  By  following  the  suggestions  made  above,  the  young  bugs  will  not 
become  numerous,  but  whenever  spraying  does  become  necessary  kerosene 
emulsion  is  the  best  remedy  to  use. 
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SUMMARY. 


Corn  alone  proved  to  be  an  undesirable  ration  for  growing  hogs,  causing 
small  gains  and  unthrlft.  This  condition  was  more  marked,  owing  to  the 
fact  that  the  lot  was  closely  penned,  without  pasture;  yet  the  other  lots, 
similarly  confined,  made  relatively  larger  gains. 

Fermented  cotton-seed  meal  can  be  fed  in  small  quantities  for  limited 
periods,  with  very  gratifying  results.  These  experiments  indicate  that 
seventy-five  to  ninety  days  would  be  the  limit  of  satisfactory  feeding.  This 
would  depend,  however,  on  the  age  and  condition  of  the  hogs,  the  sup- 
plementary feeds  and  the  proportion  of  cotton-seed  meal  fed. 

Lot  3,  fed  a  combination  of  corn  and  cotton-seed  meal,  in  the  proportion 
of  four  to  one,  made  larger  and  cheaper  gains  for  the  first  ninety  days  than 
the  lot  similarly  fed  on  corn  and  linseed  meal.  This  would  seem  to  indicate 
that,  when  possible,  cotton-seed  meal  should  be  used,  since  it  contains  a 
larger  quantity  of  protein  and  sells  for  about  one-fourth  less  per  ton  than 
linseed  meal. 

Farmers  would,  according  to  the  results  of  this  experiment,  be  safe  in 
feeding  fermented  cotton-seed  meal  to  seventy-five-pound  shoats  in  quantities 
ranging  from  one-sixth  to  one-fifth  the  total  ration,  by  weight,  for  a  period 
of  seventy-five  to  ninety  days. 

The  feeding  of  the  four  lots  of  hogs  during  the  first  period  was  more 
profitable  when  one  part  of  cotton-seed  meal  was  added  to  the  ration  of  four 
parts  corn  than  when  corn  alone  or  corn  and  linseed  meal  in  combination 
were  fed.  In  case  of  linseed  meal,  however,  the  greater  cost  of  gain  viras  due 
to  the  high  price  of  the  feed,  and  not  so  much  to  Its  lack  of  efficiency  in 
making  gains.  Barring  this  one  factor,  and  the  possible  danger  in  feeding 
cotton-seed  meal,  the  two  feeds,  according  to  the  results  of  this  experiment, 
are  approximately  the  same  in  feeding  value  when  fed  for  the  time  stated. 

With  corn  and  cotton-seed  meal  each  costing  approximately  $28  per  ton. 
the  results  of  this  experiment  show  clearly  in  favor  of  the  combined  com 
and  cotton-seed  meal  ration,  considering  always  the  limitations  given  as  to 
the  amount  fed  and  length  of  feeding  period.  While  Lots  2,  3  and  4  have 
had  a  somewhat  larger  ration  than  Lot  1,  the  larger  gains  during  the  first 
period  were  sufficient  to  considerably  overbalance  this  factor. 

The  practical  application  of  these  results  would  not  be  to  feed  under  the 
conditions  here  described,  but  rather  to  feed  the  corn  and  cotton-seed  meal 
in  connection  with  grazing  crops,  which  can  be  produced  so  abundantly  by 
Southern  farmers.  This  experiment  was  carried  on  under  adverse  conditions 
to  render  safe  conclusions  possible. 

When  fed  with  Judgment,  cotton-seed  meal  can  be  made  a  valuable  ad- 
junct to  corn  as  a  ration  for  hogs,  it  Is  our  cheapest  commercial  feed 
supplying  protein,  and  should  not  be  entirely  Ignored  In  swine  production. 

Cotton-seed  meal,  when  fed  in  quantities,  as  given  in  this  Bulletin,  will, 
after  a  time — one  hundred  to  one  hundred  and  twenty  days — apparently 
reduce  the  normal  gains  and  profits  therefrom.  This  point  should  be  kept 
in  the  mind  of  the  feeder,  the  amount  of  feed  used  recorded,  and  the  hogs 
weighed  occasionally.  Accurate  Judgment  will  direct  when  to  eliminate  the 
meal  from  the  ration.  Aim  to  feed  under  the  limit,  however,  rather  than 
over. 
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The  Experiment  Station  has  frequently  been  questioned  in  regard 
to  feeding  cotton-seed  meal  to  live  stock.  A  large  number  of  these 
inquiries  relate  to  swine  and  the  practicability  of  feeding  cotton-seed 
meal  to  these  animals.  While  this  is  not  a  new  question,  and  we  are 
a^v^are  that  cotton-seed  meal  fed  to  swine  in  moderately  large  quan- 
tities is  unsafe,  frequently  causing  death,  yet  it  seems  highly  de- 
sirable, when  possible,  to  combine  cotton-seed  meal  with  high-priced 
com,  which  is  so  generally  used  throughout  the  State.  In  making 
this  combination  of  feeds,  which  seems  especially  desirable  for  grow- 
ing hogs,  because  of  the  high  protein  content  of  cotton-seed  meal, 
the  feeder  should  be  judicious  in  his  methods  and  should  be  guided 
by  the  results  obtained  in  this  and  other  experiments  reported.  In 
the  hands  of  a  careful  feeder,  fermented  cotton-seed  meal  may  be 
used  in  small  quantities,  for  a  limited  time,  with  good  results,  but 
for  the  indifferent  and  shiftless  feeder  it  will  most  likely  prove  fatal 
to  the  growth  and  health  of  the  animals,  and  if  fed  to  extreme  death 
will  almost  invariably  result.  While  no  deaths  were  recorded  during 
this  experiment,  it  is  evident,  as  shown  by  the  results  in  Table  1,  that 
the  last  period  of  feeding  was  not  as  satisfactory  as  the  first.  The 
gains  were  much  less  and  the  cost  more  per  pound  of  gain,  and  it  is 
possible  that  the  health  of  the  animals  might  have  been  materially 
injnred  had  the  experiment  continued  for  a  longer  time.  Nothing 
definite  can  be  stated  in  this  regard,  however,  as  the  hogs  were  ap- 
parently normal  when  the  experiment  was  completed. 

OBJECT  OF  EXPERIMENT. 

1.  The  experiment  was  conducted  primarily  to  determine  the 
amonnt  of  fermented  cotton-seed  meal  which  might  be  fed  with 
economy  and  safety,  in  conjunction  with  corn,  to  yoimg  and  growing 
hogs. 

2.  To  determine  the  economy  of  gain  from  feeding  cotton-seed  meal 
in  the  proportions  specified,  and  in  comparison  with  corn  alone,  and 
with  com  and  linseed  meal  combined. 

3.  To  determine  the  quality  of  the  product  produced  by  the  dif- 
ferent rations.  This  portion  of  the  work  will  be  reported  in  a 
subsequent  Bulletin. 
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WEIGHT  OF  ANIMALS,  FEEDS  AND  RATIONS. 

The  average  weight  of  the  hogs  at  the  beginning  of  the  experiment 
was  approximately  70  pounds.  The  rations  fed  to  the  four  lots  of 
hogs  during  the  first  period  were  as  follows : 

Lot  1.  Corn. 

Lot  2.  Corn,  7  parts ;  cotton-seed  meal,  1  part. 

Lot  3.  Corn,  4  parts ;  cotton-seed  meal,  1  part. 

Lot  4.  Corn,  4  parts ;  linseed  meal,  1  part. 

The  feeding  was  all  done  in  dry  lots,  measuring  10  x  40  feet,  and 
during  a  considerable  portion  of  the  time  the  weather  was  quite  un- 
favorable for  large  gains.  The  quality  of  hogs  was  not  of  the  best. 
They  were  of  mixed  blood,  yet  the  division  into  lots  was  made  in 
such  a  manner  that  practically  all  individuality  was  overcome.  The 
low  grade  of  the  hogs  accounts  in  part  for  the  generally  reduced 
gains  obtained,  although  there  were  other  unfavorable  factors.  From 
a  comparative  standpoint,  however,  the  results  are  quite  conclusive- 


Lot  1. — Fed  first  period,  corn  alone;  and  second  period,  mixture  of  4  pcurts  com 
and  1  part  linseed  meal. 

On  March  29,  the  end  of  the  first  period  of  three  months,  the  rations 
were  reversed  and  the  lots  of  hogs  were  fed  as  follows : 

Lot  1.  Corn,  4  parts ;  linseed  meal,  1  part. 

Lot  2.  Corn,  4  parts ;  cotton-seed  meal,  1  part. 

Lot  3.  Corn,  7  parts;  cotton-seed  meal,  1  part. 

Lot  4.  Corn. 

By  reversing  in  this  manner.  Lots  2  and  3  still  remained  on  the 
cotton-seed  meal  ration,  since  it  was  not  desirable  to  cut  off  this  part 
of  the  experimont,  as  one  of  the  objects  was  to  determine  the  amonnt 
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of  fermented  meal  which  could  be  fed  and  the  length  of  time  this 
could  be  continued  without  the  development  of  unfavorable  results. 

It  is  also  important  to  know  just  when  cotton-seed  meal  begins  to 
show  a  detrimental  influence  on  the  health  and  thrift  of  the  pig- 
By  reversing  Lots  2  and  3  in  the  manner  indicated,  Lot  3  received 
all  during  the  feeding  trials  a  ration  which  conforms  fairly  accurately 
with  our  present  idea  of  rational  feeding.  During  the  first  part  of 
the  period  the  cotton-seed  meal  was  fed  in  larger  quantities  to  stimu- 
late the  growth  of  bone  and  muscle,  while  in  the  last  period  of  fat- 
tening it  was  reduced  just  enough  to  balance  the  com  ration  and  at 
the  same  time  keep  within  the  bounds  of  safe  feeding. 

On  the  other  hand.  Lot  2  was  fed  only  seven  parts  of  com  with 
one  part  of  cotton-seed  meal  during  the  first  period,  the  results  being 
less  satisfactory  than  those  obtained  from  Lot  3  during  this  period, 
as  shown  by  Table  1.  After  reversing  the  ration  and  placing  Lot  2 
on  a  larger  amoimt  of  cotton-seed  meal,  thus  subjecting  them  to 
the  meal  gradually,  the  results  were  somewhat  more  satisfactory  than 
those  obtained  during  the  second  period  of  Lot  8,  from  the  stand- 
point of  the  amount  of  feed  eaten,  pounds  of  feed  used  per  pound 
gain,  and  cost  of  the  gains.  There  was  not  enough  difference,  how- 
ever, to  warrant  definite  conclusions,  as  indicated  by  Table  1.  The 
total  gain  made  during  the  feeding  period  of  six  months  was  in  favor 
of  Lot  3,  fed  the  larger  quantity  of  cotton-seed  meal  during  the  first 
period.  The  results  indicate  that  the  linseed  meal  stimulated  a 
relatively  larger  gain  during  the  second  period  with  Lot  1  than  was 
made  during  the  first  period  with  Lot  1  when  fed  on  corn.  The  com 
alone  caused  larger  gains  during  the  second  period  with  Lot  4  than 
was  made  with  either  Lots  2  or  3  during  the  corresponding  period, 
when  the  hogs  were  fed  cotton-seed  meal  as  a  supplement.  This  would 
seem  to  indicate  that  an  all-corn  ration  is  more  effective  in  making 
gains  during  this  period  of  feeding,  and  that  either  the  nitrogenous 
supplement  is  not  needed  or  the  cotton-seed  meal  is  detrimental  after 
a  certain  stage  of  feeding. 

During  the  feeding  period  of  six  months  no  signs  of  sickness  were 
evident,  and  the  increased  gain  made  by  Lot  3  during  the  first  period 
shows  plainly  the  desirability  of  adding  limited  quantities  of  the 
fermented  cotton-seed  meal  to  the  ration  for  the  length  of  time  given 
in  the  results. 

The  hogs  were  weighed  each  week  during  the  experiment,  and  a 
fairly  substantial  gain  was  made,  especially  during  the  first  period, 
in  favor  of  Lots  3  and  4. 

COMMERCIAL  VALUE  OF  FEEDS. 

In  placing  a  value  on  a  feed  stuff  it  is  customary  to  take  into  con- 
sideration the  actual  cash  value  of  that  feed  on  the  market.  It  is  a 
fact,  however,  that  if  the  farm  products  are  fed  and  the  manure  placed 
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on  the  land  any  man  could  afford  to  take  actually  less  than  market 
value  when  the  same  is  marketed  in  the  form  of  pork,  and  retain  the 
manure  on  the  land  rather  than  sacrifice  this  valuable  material.  It 
should  be  the  aim  always  to  market  home-grown  products  in  the  form 
of  beef,  pork  or  mutton,  and  thereby  secure  the  increase  over  the 
market  price  of  the  feed,  when  the  conditions  are  such  as  to  make  it 
possible. 

In  rating  the  feeds  used  in  this  experiment,  the  common  practice 
has  been  followed  of  figuring  them  at  the  exact  market  value  at  the 
time  the  experiment  was  conducted.  This  was  necessary,  as  no 
provision  was  made  for  determining  the  value  of  the  manure  at  the 
time  the  experiment  was  planned. 

The  prices  assigned  to  the  different  feeds  were,  for  corn,  $28; 
cotton-seed  meal,  $28,  and  for  linseed  meal,  $35  per  ton. 

This  places  the  cost  of  gains  at  a  maximum  figure ;  but  if  we  were 
to  actually  determine  the  enhanced  value  to  the  land,  where  the  hogs 
are*  properly  bedded  and  the  manure  conserved  and  applied  to  the 
land,  the  cost  of  production  would  be  materially  reduced. 

PREPARATION  OF  FEEDS. 

During  the  winter  months  it  was  necessary  to  prepare  the  rations 
from  two  to  three  days  in  advance  of  feeding,  in  order  to  haYe  them 
thoroughly  sour.  After  the  weather  became  warm,  however,  twenty- 
four  to  thirty  hours  were  generally  suflScient  to  bring  about  the 
desired  condition.  In  preparing  the  feeds  the  shelled  com  and  com- 
binations of  cotton-seed  meal  and  linseed  meal  with  com  were  weired 
out  into  tin  buckets,  in  the  proper  proportions,  well  mixed,  covered 
with  water  and  stirred  thoroughly.  The  buckets  were  then  placed 
on  a  shelf  and  allowed  to  stand  until  the  rations  were  fed.  The  feeds 
for  the  four  lots  were  all  given  the  same  fermentative  treatment,  as  it 
was  necessary  to  do  this  in  order  to  correct  any  favorable  or  unfavor- 
able results  which  might  arise  from  soaking  and  fermenting  the  cot- 
ton-seed meal  rations  for  Lots  2  and  3. 

In  every  case,  with  the  exception  of  Lot  1,  the  feeds  were  eaten 
with  apparent  relish.  With  this  lot,  however,  a  dull,  stupid  condition 
and  depressed  appetite  developed  with  all  the  pigs  after  a  lapse  of 
three  or  four  weeks. 

CONDITIONS  OF   EXPERIMENT. 

The  experiment  proper  was  conducted  for  six  months,  beginning 
January  29  and  ending  July  29,  1908,  and  was  divided  into  two 
periods  of  three  months  each.  At  the  beginning  of  the  second  period 
the  rations  were  reversed. 

For  the  first  three  months  of  the  final  feeding  period  six  pigs  were 
used  in  each  of  the  four  lots,  but  during  the  last  three  months  only 
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five  were  used,  because  two  "piggy"  sows  had  to  be  removed  from 
two  of  the  lots.  To  balance  this,  one  pig  was  taken  from  each  of  the 
other  lots. 

In  making  the  division  great  care  was  taken  to  divide  the  hogs 
into  lots  of  as  nearly  the  same  weight  and  type  as  possible,  in  order 
to  eliminate  individuality. 

The  pigs  were  all  closely  penned  during  the  experiment — a  condi- 
tion most  unfavorable  for  large  gains  with  young  hogs.  The  gains, 
without  doubt,  would  have  been  greater  had  the  hogs  been  allowed 
a  run  on  green  pasture ;  but  as  it  was  the  desire  to  place  them  under 
the  most  unfavorable  conditions,  owing  to  the  peculiar  nature  of  the 
experiment,  they  were  penned  in  dry  lots.  During  the  first  feeding 
period  especially,  the  muddy  condition  of  the  lots  was  partly  respon- 
sible for  the  decreased  gains  made  with  the  hogs  as  a  whole. 


Lot  2. — Fed  first  period,  mixture  of  7  parts  com  and  1  part  cotton -seed  meal;  and 
second  period*  mixture  of  4  parts  com  and  1  part  cotton-seed  meal. 


COMPARISON  OF  RESULTS  BY  PERIODS. 

The  following  table  shows  in  a  concise  way  the  points  of  special 
interest  brought  out  by  feeding  the  four  lots  of  hogs.  The  illustra- 
tions show  quite  clearly  the  marked  differences  in  the  quality  of  the 
lots.  This  is  very  strikingly  shown  in  the  case  of  Lot  1,  which  was 
fed  on  com  alone.  The  condition  of  the  lot,  as  indicated  in  the  cut 
on  page  6,  shows  all  evidences  of  unthrift.  In  case  of  Lots  2,  3  and 
4  the  difference  is  not  so  marked,  although  Lots  3  and  4  are  smoother 
and  more  uniform  throughout.  The  photographs  were  taken  shortly 
before  the  conclusion  of  the  experiment. 
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A  close  observation  of  the  cuts  by  the  reader  may  make  it  seem  that 
the  hogs  in  Lot  1,  fed  on  com  alone,  were  decidedly  inferior  in  quality. 
This  was  not  the  case,  however,  as  particular  efforts  were  given  to 
the  matter  of  selecting  the  hogs  in  each  lot  as  uniformly  as  possible, 
The  division  was  made  according  to  weight,  type  and  quality,  which 
were  distributed  equally.  An  examination  of  the  records  will  show 
that  the  weights  of  all  lots  were  practically  identical  at  the  beginning 
of  the  experiment.  The  condition  of  the  animals  was  also  quite 
uniform.  Outside  of  the  different  supplementary  feeds  used,  the 
treatment  of  the  four  lots  was  the  same.  All  were  confined  in  feeding 
pens,  where  they  were  fed  three  times  each  day — ^morning,  noon  and 
night;  and  throughout  the  experiment  a  mixture  of  ashes,  charcoal, 
lime,  sulphur,  copperas  and  turpentine  was  fed  three  times  per  week. 
The  unthrifty  condition  of  Lot  1  developed  gradually,  becoming 
especially  noticeable  after  the  first  three  or  four  weeks  of  feeding.  As 
the  pigs  in  this  lot  refused  to  eat  their  ration,  it  was  reduced  at  times 
to  an  amount  so  small  that  one  good,  thrifty  hog  would  have  readily 
eaten  it. 

TABLE  l-SHOWING  KIND  AND  PROPORTION  OP  FEEDS,  WEIGHT  OF  HOGS  AT  BE- 
GINNING AND  END,  AMOUNT  OF  FEED  EATEN.  AND  COST  OF  GAIN. 


Proportion  in  which  feeds 
were  fed 

Average  weiffht  In  pounds  at 
beffinninff 

Average  weiffht  in  pounds  at 

Average  rain  per  head  by  pe- 
riods  — — 

Average  daily  sain  in  pounds 
per  head 

Total  pounds  of  feed  eaten  per 
piff 

Avenge  number  pounds  of 
feed  consumed  daily  per  piff 

Pounds  feed  eaten  per  pound 
ffain  — 

Average  number  pounds  of 
supplementary  feed  eaten 
daily  per  piar 

Total  number  pounds  of  sup- 
plementary feed  eaten  per 
piar  — -- 

Cost  in  cents  per  pound  irain— 


First  Period-90  Days. 
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66.70 
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DISCUSSION  OF  RESULTS. 

The  com  ration  fed  to  Lot  1  proved  to  be  very  unsatisfactory.  This 
ration  is  fed,  however,  to  young  hogs,  in  the  majority  of  instances,  in 
this  State;  and  from  the  large  number  of  bulletins  which  have  already 
called  attention  to  the  excessive  cost  of  production  from  feeding  young 
hogs  on  corn  alone,  it  seems  as  though  the  information  should  be  wide- 
spread, and  that  farmers  would  be  eager  to  discontinue  the  practice. 
Many  farmers,  however,  are  yet  feeding  high-priced  com  to  breeding 
and  growing  hogs,  in  the  face  of  these  facts. 

The  gain  made  by  the  six  hogs  in  Lot  1  was  97  pounds  during 
the  first  period.  This  is  very  little  more  than  one  good,  thrifty  shoat 
should  have  made  in  the  same  time,  granting  that  the  ration  was  made 
from  proper  feeds,  containing  sufficient  protein  and  ash  for  muscle 
and  bone  production. 

It  required  12.84  pounds  of  feed  to  produce  one  poimd  of  gain, 
representing  a  cost  of  18  cents  per  pound.  The  average  gain  per  day 
was  only  .18  pounds,  whereas  it  should  have  been  at  least  one-half  or 
two-thirds  of  a  pound,  with  a  properly  balanced  ration. 

During  the  last  period,  after  changing  the  ration  to  a  mixture  of 
com  and  linseed  meal,  the  average  gain  per  day  was  greater  than 
during  the  first  period.  It  required  8.4  poimds  of  feed  to  produce  a 
pound  of  gain,  one-third  less  than  during  the  former  period,  which 
represents  a  cost  of  12.30  cents  per  pound  of  pork.  Had  the  pigs 
not  been  stunted  by  feeding  on  corn  alone  during  the  first  period,  the 
difference  would  in  all  probability  have  been  much  greater. 

The  fact  should  be  considered  that  five  pigs  made  a  total  gain  of 
98  pounds  during  the  second  period,  whereas  six  pigs  made  a  gain  of 
97  pounds  during  the  first  period.  This  gain  is  favorable  to  the  corn 
and  linseed-meal  ration,  which  was  fed  under  very  unfavorable  con- 
ditions. 

Table  1  shows  a  marked  improvement  in  the  gains  made  by  Lot  2 
during  the  first  period,  when  a  small  amount  of  fermented  cotton- 
seed meal  was  fed.  While  the  amount  fed  per  day  was  less  than  one- 
half  pound,  the  gain  during  the  first  period  was  .46  pound  per  day, 
with  a  consumption  of  6.67  pounds  of  feed,  representing  a  cost  of  9.33 
cents  per  pound  of  pork.  While  this  is  not  in  the  bounds  of  profitable 
production,  yet  it  shows  a  marked  improvement  over  Lot  1,  which 
was  fed  on  com  alone  during  the  first  period. 

During  the  last  period  Lot  2  made  much  less  satisfactory  gains  than 
during  the  first  period.  The  gain  per  day  was  very  little  more  than 
one-half  that  made  during  the  first  period.  This  was  made  at  a 
greater  cost  of  feed  consumed,  10.72  pounds  per  pound  gain,  which 
represented  an  actual  cost  of  15  cents  per  pound.  While  we  would 
naturally  expect  the  gains  to  be  less  during  the  last  period,  yet  this 
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small  gain  seems  to  indicate  that  there  is  a  limit  in  feeding  the  meal, 
even  though  no  toxic  symptoms  had  developed  in  the  animal  before 
the  close  of  the  feeding  period. 

Lot  3  made  very  satisfactory  gains  during  the  first  period,  con- 
sidering the  conditions  under  which  the  hogs  were  kept.  An  average 
of  .62  pound  of  cotton-seed  meal  was  fpd  per  day  during  this  period, 
with  an  average  daily  gain  per  head  of  .63  of  a  pound.  This  gain 
represents  the  highest  average  made  by  any  lot  during  the  feeding 
trials.  It  required  only  5.10  pounds  of  feed  to  produce  a  pound  of 
gain,  the  gains  being  made  at  a  cost  of  7.14  cents  per  pound,  which 
was  the  most  economical  gain  made  by  any  lot  during  the  experiment 


Lot  3. — Fed  first  period,  mixture  of  4  parts  corn  and  1  part  cotton-seed  meal;  and 
second  period,  mixture  of  7  parts  corn  and  1  part  cotton-seed  meal. 

The  results  seem  to  be  clearly  in  favor  of  Lot  3  during  the  first  period. 
Even  when  compared  vnth  the  first  period  of  Lot  4,  it  will  be  found 
that  the  gains  made  per  day  were  greater  and  the  cost  per  pound 
was  less. 

During  the  second  period  there  was  a  marked  decrease  in  the  gains 
made  per  day  by  Lot  3.  The  .25-pound  gain  made  during  the  second 
period  represents  only  two-fifths  of  that  made  during  the  first,  while 
the  cost  per  pound  was  more  than  doubled. 

This  serves  as  a  check  on  the  results  obtained  in  Lot  2,  apparently 
corroborating  the  statement  made  that  if  the  limitations  in  cotton- 
seed meal  feeding  are  exceeded,  the  gains  vnll  be  small  and  unsatis- 
factory, and  even  death  may  result. 
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With  Lot  4  the  results  during  the  first  period  were  very  similar  to 
those  obtained  with  Lot  3  during  the  corresponding  period.  The 
average  daily  gains  were  practically  tlie  same,  the  amount  of  feed  con- 
sumed was  the  same,  and  the  amount  of  feed  used  per  pound  of  gain 
was  slightly  in  favor  of  the  corn  and  cotton-seed  meal  ration.  As 
to  the  cost  of  gain,  there  was  a  difference  of  72  cents  per  100  pounds 
in  favor  of  the  cotton-seed  meal  ration. 

During  the  second  period  the  results  were  reversed.  The  gains 
made,  the  amount  of  feed  consumed  per  pound  of  gain,  and  the  cost 
of  gains  were  clearly  in  favor  of  the  lot  fed  corn  alone.  These  results 
point  to  the  conclusion  that  ninety  days  or  even  less  is  the  extreme 
limit  in  cotton-seed  meal  feeding,  under  the  conditions  here  described. 
While  we  grant  that  corn  would  naturally  be  favorable  to  large  gains 
during  the  last  stage  of  fattening;  we  ordinarily  accept  the  statement 
that  a  small  amount  of  nitrogenous  material  would  be  helpful  when 
fed  in  connection  with  corn.  This  was  not  true  during  the  last  period 
with  Lot  3.  The  results  were  decidedly  unfavorable  to  the  meal, 
when  compared  with  the  second  period  of  Lot  4. 

For  all  practical  purposes,  a  ration  made  up  of  four  parts  corn  and 
one  part  linseed  meal  is,  so  far  as  the  results  obtained  in  this  ex- 
periment are  concerned,  equal  to  a  ration  of  com  four  parts,  cotton- 
seed meal  one  part.  This  is  on  a  basis  of  efficiency,  however,  as  the 
linseed  meal  costs  more.  Consequently  the  results  would  be  less  satis- 
factory, financially,  when  linseed  meal  was  fed.  This  comparison 
does  not  hold  good,  however,  after  the  first  period  of  feeding,  as  we 
find  by  the  results  given  in  Table  1,  that  the  gains  made  by  Lot  4 
during  the  second  period  were  considerably  more  than  the  gains  made 
by  Lot  3  during  the  second  period,  when  eating  cotton-seed  meal. 
The  cost  of  gain  on  Lot  4  during  the  same  period  was  also  less  than 
that  of  Lot  3  during  the  corresponding  period.  This  again  seems 
to  point  toward  the  fact  that  the  limitations  of  meal  feeding  have 
been  more  or  less  accurately  determined,  not  only  in  this  experiment, 
but  also  by  others  reporting  on  the  subject. 
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QAIN8  BY  PERIODS. 


The  weights  of  the  four  lots  of  hogs  at  the  heginning  and  ending 
of  the  two  feeding  periods  were  a^  follows : 

TABLE  2-RATIONS  AND  GAmS  OF  THE  HOGS  BY  LOTS  AND  BY  PERIODS. 


Pint  P«riod-90  Days. 


S«eond  Period— 91  Dajs. 


Ration. 


a^04  jc<^  5«8a< 


J3^^E 


Ration. 


hi 

C  3  O 


1^ 

-si 


Corn 

Com.  7  parts:  eotton-aeed 

meal,  1  part. 
Com,  4  parts:  eotton-seed 

meal,  Ipart. 
Com,  4  parts:  Unseed 

meal,  1  part. 


440 


461 


587 
700 
792 

776 


97 
248 
840 
824 


Com,  4  parts:  Unseed 

meal,  1  part. 
Com,  4  parts;  ootton-seed 

meal,  1  part. 
Com,  7  parts;  cotton-seed 

meal,  1  part. 
Com 


4S7 
610 
707 
675 


720 


840 


98 
110 
UZ 
166 


196 
368 

453 


The  gain  of  Lot  1,  fed  on  com  and  linseed  meal  during  the  second 
period,  was  practically  the  same  as  the  gain  made  during  the  first 
period,  when  fed  on  com  alone.  Large  gains  were  not  expected,  how- 
ever, during  the  second  period,  since  the  general  condition  of  the 
animals  had  been  greatly  impaired  by  feeding  them  on  the  com  ration. 
The  gain  per  pig  was  greater,  however,  since  during  the  first  period 
six  pigs  were  used  in  each  lot,  and  during  the  second  period  only 
five  pigs  were  used. 

This  indicates  that  the  addition  of  linseed  meal  to  the  ration  during 
the  second  period  had  stimulated  greater  gains ;  and  the  fact  that  the 
gains  made  by  Lots  2,  3  and  4  during  the  second  period  were  ma- 
terially decreased,  as  compared  with  the  first  period,  would  add  some 
force  to  the  statement  that  the  limit  of  profitable  cotton-seed  meal 
feeding  had  been  reached  after  seventy-five  to  ninety  days.  This  fact 
could  not  be  taken  as  conclusive  evidence,  however,  as  the  addition  of 
linseed  meal  to  the  ration  of  Lot  1  would  naturally  have  an  appetizing 
influenoe,  which  would  stimulate  in  making  relatively  larger  gains, 
and  especially  would  this  be  so,  considering  the  run-down  condition 
of  the  pigs  in  this  lot. 

On  the  other  hand,  we  have  a  factor  always  to  be  considered,  and 
that  is  that  the  gains  made  during  the  last  stages  of  fattening  are 
always  less  than  during  the  first  part  of  the  period,  and  that  gen- 
erally the  cost  is  more  per  pound  of  gain.  This,  then,  accounts  partly 
for  the  results  obtained  with  Lots  2,  3  and  4.  How  much  to  attribute 
to  the  detrimental  influences  of  the  cotton-seed  meal  during  this  par- 
ticular stage  of  feeding  is  a  question  to  be  worked  out  later  by  ex- 
tensive experiments. 
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It  seems,  however,  in  the  case  of  Lot  3,  that  the  gain  during  the 
second  period  is  so  small,  absolutely  and  relatively,  when  compared 
with  the  gain  made  by  Lot  8  during  the  first  period,  that  the  cotton- 
seed meal,  after  a  certain  time,  becomes  a  disturbing  factor.  In  the 
light  of  these  results,  and  other  evidence  at  hand,  the  period  during 
which  cotton-seed  meal  can  be  fed  profitably  will  depend  on  the  amount 
of  cotton-seed  meal  fed,  the  size  of  the  hogs  and  the  general  feeding 
and  management.  In  this  particular  case  seventy-five  to  ninety  days 
was  the  maximum  limit,  and  even  in  the  case  here  mentioned  the  gains 
were  not  profitable.  The  writer  is  of  the  opinion  that,  under  a  proper 
system  of  management,  especially  if  pasture  or  some  suitable  grazing 
crop  is  supplied,  the  gains  would  have  been  made  profitably,  at  least, 
certainly  more  so  than  when  com  alone  or  a  mixture  of  com  and 
linseed  meal  was  fed. 


Lot  4. — Fed  first  period,  mixture  4  parts  com  and  1  part  linseed  meal;  and  second 

period,  com  alone.  • 

Lot  2,  during  the  second  period,  made  a  gain  of  110  pounds,  against 
248  pounds  during  the  first  three  months.  Their  ration  was  the  same 
in  both  periods,  except  that  the  proportion  of  cotton-seed  meal  given 
daring  the  second  period  was  greater  than  during  the  first.  The  dif- 
ference in  the  gain  made  by  this  lot  during  the  first  and  second  periods 
could  be  more  easily  accounted  for  than  in  the  case  of  Lot  3,  since  in 
the  latter  the  cotton-seed  meal  was  reduced,  making  a  more  highly 
carbonaceous  ration,  from  which  we  would  naturally  expect  com- 
paratively rapid  gains,  considering  the  commonly  accepted  views  on 

Digitized  by  VjOOQIC 


16  N.  C.  AGRICULTURAL  EXPERIMENT  STATION. 

feeding.  There  is  not  enough  evidence,  however,  in  the  case  of  Lot  2, 
to  conclude  that  the  cotton-seed  meal  had  any  influence  in  checking 
the  gains,  since  naturally  they  would  be  decreased  somewhat. 

On  the  other  hand,  Lot  3,  fed  corn  and  cotton-seed  meal  in  the  pro- 
portion of  four  to  one  during  the  first  period,  and  seven  to  one  during 
the  second  period,  made  a  gain  of  only  113  pounds  during  the  latter, 
as  against  340  pounds  during  the  former  period,  which  was  more 
than  three  times  as  much  gain  in  the  first  as  in  the  second  period.  It 
is  possible  that  this  extreme  difference  might  be  attributed  to  the  age 
and  condition  of  the  animals  during  the  latter  period,  yet  it  does  not 
seem  that  the  decrease  would  be  so  great  on  hogs  capable  of  taking  on 
more  flesh  and  fat,  as  was  the  case  with  this  lot. 

Lot  4  made  a  more  substantial  gain,  it  being  165  poimds  during 
the  second  period,  as  against  324  pounds  during  the  first  period. 
This,  however,  we  would  naturally  expect,  to  a  certain  extent,  as 
corn  is  a  fattening  ration,  and  was  given  at  a  time  when  hogs  would 
make  the  best  use  of  it.  After  making  a  good  growth  of  bone  and 
muscle  on  feeds  such  as  a  combination  of  com  and  linseed  meal  fur- 
nished during  the  first  period,  larger  gains  were  made  than  would 
have  been  otherwise. 

In  case  of  Lot  4  some  strength  is  given  to  the  claim  that  cotton-seed 
meal  does  influence  unfavorably  the  normal  gains  after  a  period  of 
about  three  months.  It  is  a  commonly  accepted  fact  that  a  small 
amount  of  protein  feed,  such  as  linseed  meal,  tankage,  etc.,  added  to 
a  corn  ration,  will  make  the  gains  larger  and  at  times  more  profitable. 
It  would  therefore  seem  that  the  cotton-seed  meal  fed  to  Lot  3  during 
the  second  period  was  given  in  about  the  right  proportion  to  induce 
larger  gains.  Such  was  not  the  case,  however,  as  the  meal  was  a 
detrimental  factor,  as  Lot  3  made  only  113  pounds  of  gain  during  the 
second  period,  while  Lot  4  made  165  pounds,  or  about  one-third  more 
gain  than  Lot  3.  Whether  this  difference  in  gain  can  be  attributed 
to  the  peculiar  physiological  effect  of  the  cotton-seed  meal  is  to  be  de- 
termined later.    These  results  seem  to  point  toward  such  a  conclusion. 
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ORIGIN  AND  IMPORTANCE  OF  THE  SCUPPERNONG  AND  OTHER 
MUSCADINE  GRAPES. 


By  F.  C.  Reimkui,  Horticulturist. 


One  of  the  most  important  things  connected  with  the  introduction 
of  a  new  fruit  is  a  careful  study  of  the  conditions  which  surround  the 
plant  in  its  native  home.  In  the  planting  of  fruits  during  the  past, 
often  too  little  attention  has  been  given  to  this  matter.  The  home  of 
a  species  usually  indicates  the  locality  or  localities  that  it  is  best  suited 
to.  It  determines  in  a  large  measure  where  that  fruit  can  be  grown 
and  where  it  is  likely  to  give  best  results.  A  species  is  more  or  less  a 
jjroduct  of  the  locality  in  which  it  originated,  as  the  conditions  pre- 
vailing there  have  in  a  large  measure  produced  it.  By  natural  selec- 
tion, nature  eliminates  those  forms  not  adapted  to  the  environment. 

This  principle  is  well  illustrated  by  our  native  fruits.  The  grapes 
of  the  eastern  portion  of  the  United  States  are  far  better  suited  to 
that  section  than  any  of  the  foreign  species.  This  is  also  true  of  our 
native  species  of  plums,  blackberries,  dewberries  and  raspberries. 

The  same  principle  applies  particularly  to  varieties.  A  variety  is 
usually  best  suited  to  the  particular  section  in  which  it  originated. 
The  varieties  of  apples,  peaches,  pears  and  plums  best  suited  to  the 
Southern  States  are  those  which  have  originated  in  the  South:  for 
example,  the  Red  June  and  Bonum  apples,  the  Greensboro  and  Lady 
Ingold  peaches,  which  originated  in  this  State,  reach  their  greatest 
perfection  here. 

The  history  and  development  of  most  of  our  important  native  fruits 
has  been  determined  and  recorded.  Bailey  and  Munson  have  traced 
the  development  of  our  leading  species  of  grapes,  except  Vitis  rotundi- 
folia — the  Muscadine  grape — on  which  practically  nothing  has  been 
done.  It  is  rather  difficult  to  determine  why  this  is  true,  as  it  is  by 
far  the  most  important  species  of  grape  in  the  South.  The  history  of 
the  different  varieties  of  the  Muscadine  grape  should  be  fully  deter- 
mined and  preserved.  This  species  has  always  been  a  very  interesting 
one  to  North  Carolinians,  as  it  is  native  to  the  eastern  half  of  the 
State,  and  most  of  the  varieties  have  originated  there. 

HISTORY  OF  THE  SCUPPERNONG. 

Confusion  Regarding  Early  History. — The  following  opinions  have 
been  offered  regarding  the  origin  of  the  Scuppernong:  that  it  is 
a  foreign  variety  introduced  into  this  country  many  years  ago ;  that  it 
is  a  native  of  Virginia  and  was  brought  to  Xorth  Carolina  by  the 
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early  settlers ;  and  that  it  is  a  native  of  North  Carolina.  Of  those  who 
hold  to  the  last  belief,  some  claim  Tyrrell  County  and  others  Roanoke 
Island  as  its  original  home. 


Plgr.  1. — Characteristic  Old  Scuppernong  Trunk. 
(Circumference  seven  feet  six  inches.) 

Although  much  has  been  written  regarding  this  variety  during  the 
last  half  century,  no  one  has  indicated  how  and  when  the  name  "Scup- 
pernong"  was  assigned  to  it.  It  is  believed  by  some  that  this  honor 
belongs  to  the  North  Carolina  Indians ;  by  others,  that  it  belongs  to 
the  early  white  settlers.  Some  maintain  that  the  name  was  taken 
from  Scupperncng  River,  and  others  that  Scuppernong  River  was 
named  for  the  grape. 
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The  writer  determined  long  ago  to  dear  up  this  confusion.  The 
history  has  been  determined,  and  the  facts,  we  believe,  are  of  impor- 
tance to  the  grape  industry  of  this  State  and  the  South,  and  to  horti- 
culture in  geueral. 

Collecting  the  Facts. — ^It  was  first  necessary  to  review  all  of  the  old 
books,  magazines  and  periodicals  on  Southern  horticulture  and  agri- 
culture, especially  those  on  grapes ;  but  very  little  information  could 
be  found  regarding  the  origin  of  this  grape.  The  most  important 
facts  were  obtained  from  files  of  the  old  newspapers  of  the  State, 
especially  those  published  during  the  early  part  of  the  nineteenth 
century.  Information  of  considerable  value  was  also  found  in  some 
of  the  old  State  and  family  records. 

The  writer  made  an  extensive  trip  to  all  of  the  old  grape  sections 
in  the  eastern  part  of  the  State.  All  of  the  old  vines  of  which  any 
record  could  be  found  were  examined  and  carefully  measured,  and 
their  history  was  determined  as  fully  as  possible.  Interviews  were 
held  with  the  descendants  of  the  earliest  grape  growers ;  and  in  this 
way  facts  were  obtained  that  throw  much  light  on  the  subject. 

The  Original  Scuppernong  Vine. — It  seems  to  be  impossible  to  locate 
with  absolute  certainty  the  original  Scuppernong  vine,  as  no  authentic 
records  of  the  original  vine  can  be  found.  This;  of  course,  is  perfectly 
natural,  as  little  or  no  interest  was  taken  in  recording  the  history  of 
any  fruits  at  that  early  date.  The  writer  feels  certain  that  the  origi- 
nal vine  was  found  in  northeastern  North  Carolina,  and  probably  in 
Tyrrell  County. 

The  earliest  authentic  record  that  we  have  of  this  grape  comes  from 
New  Bern,  North  Carolina.  According  to  a  letter  by  Judge  Gaston, 
dated  June  4,  1838,  his  old  neighbor,  a  Mr.  Hicfanan,  brought  a 
young  plant  of  this  grape  from  Tyrrell  County,  about  1760,  and 
planted  it  near  New  Bern,  where  it  became  generally  known  as  the 
Hickman  grape. 

The  most  reliable  information  to  be  obtained  regarding  the  finding 
of  the  original  plant  of  this  grape  was  supplied  by  the  great-grand- 
daughter of  the  supposed  discoverer,  Isaac  Alexander.  The  history 
which  has  been  handed  down  verbally  from  generation  to  generation 
in  that  family  is,  in  substance,  as  follows : 

Isaac  Alexander  went  from  Mecklenburg  to  Tyrrell  County  about 
the  middle  of  the  eighteenth  century  to  take  possession  of  a  tract  of 
land  granted  to  him  by  the  English  king.  In  exploring  the  region,  he 
found  not  far  from  Albemarle  Sound  a  wild  grapevine  bearing  large, 
luscious  white  grapes.  It  is  said  that  this  was  the  original  vine  which 
many  years  later  was  named  Scuppernong. 

As  that  region  became  settled,  the  vine  was  rapidly  propagated,  and, 
according  to  several  authentic  articles,  nearly  every  home  in  the 
locality  had  near  it  at  least  one  of  these  vines  at  the  opening  of  the 
nineteenth  century.    It  was  soon  discovered  that  this  grape  made  ex- 
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cellent  wine,  and  as  early  as  1809  extensive  plantings  of  it  could  be 
found  in  the  vicinity  of  Lake  Scuppernong.  The  grape  was  commonly 
spoken  of  as  the  White  Grape. 

On  December  21,  1809,  the  following  letter,  written  by  Governor 
Smith,  appeared  in  The  Star,  a  newspaper  then  published  at  Raleigh, 
North  Carolina : 

"Description  of  an  extraordinary  and  excellent  hind  of  grape  pro- 
duced  in  the  northeastern  part  of  North  Carolina,  hut  not  generally 
known  even  in  that  State. 

"The  grape  is  large  and  sweet,  of  the  species  of  the  Fox  grape,  but  white; 
has  been  cultivated  a  number  of  years  in  the  neighborhood  of  Lake  Phelps, 
but  It  is  not  clearly  understood  whence  it  originated.  It  Is  supposed  to  be  a 
native.  There  are  few  settlers  about  the  lake  but  what  have  a  grapevine, 
which  is  generally  planted  at  the  root  of  some  large  mulberry,  beech  or  oak 
tree,  or  trained  along  an  arbor  of  poles  lying  on  forks  high  enough  for  a  per- 
son to  walk  under  and  gather  grapes  conveniently.  The  vines  are  never 
pruned,  but  suffered  to  run  In  a  rude  state,  and  many  people  have  vines  that 
will  make  them  a  barrel  of  wine. 

"The  wine  Is  made  by  gathering  the  ripe  grapes,  picking  out  all  those  which 
are  green  or  bruised,  and  squeezing  the  Juice  into  a  cider  press  as  soon  as 
they  are  gathered  (for  If  they  He  from  one  day  to  another  the  Juice  will  sour 
and  the  wine  will  always  have  that  taste),  when  it  Is  put  In  a  clean  barrel. 
To  twtry  three  quarts  of  grape  Juice  one  quart  of  brandy  Is  added.  After 
three  or  four  days  the  wine  is  raked  off  till  It  Is  clear,  and  when  it  gets  age 
Is  much  approved  of. 

"The  process  above  mentioned  Is  that  now  followed,  but  as  there  are  sev- 
eral gentlemen  of  Information  sending  to  the  people  in  that  neighborhood  to 
make  wine  for  them,  a  better  process  may  be  discovered.  Some  have  tried 
fermentation,  but  It  did  not  answer." 

Naming  the  Scuppernong. — On  January  31,  1811,  The  Star  pub- 
lished under  the  heading,  ^^North  Carolina  Wine  from  Native 
Grapes,"  part  of  a  report  made  by  James  Blount,  of  Scuppernong, 
North  Carolina,  who  had  been  appointed  to  take  the  census  of  Wash- 
ington County.  In  this  report  he  states  that  Washington  County 
produced  thirteen  hundred  and  sixty-eight  gallons  of  wine  from 
native  grapes  during  1810.    Mr.  Blount  in  his  report  further  says: 

''Having  taken  an  account  of  the  wine  in  my  division,  I  think  it  my  duty  to 
state  the  result  of  my  Inquiries  on  this  small  but  very  interesting  branch  of 
our  infant  manufactures. 

"The  large  white  grape  from  which  most  of  this  wine  is  made  is  said  to  be 
a  native  of  America,  and  probably  of  North  Carolina,  as  no  person  can  tell  its 
origin;  and  I  feel  Inclined  to  Join  in  this  opinion,  having  about  three  years 
ago  found  a  vine  with  ripe  fruit  on  it  of  this  kind  In  the  woods,  where  it  is 
very  improbable  it  could  have  been  planted.  I  am  told  the  grape  from  the 
seed  will  be  purple  and  larger  than  from  the  cuttings  of  the  vine,  though  not 
so  sweet.  These  vines  thrive  well  on  various  kinds  of  soil,  but  delight  most 
in  that  which  is  loose  and  sandy,  and  if  care  is  taken  to  manure  them  for  two 
or  three  years  it  will  afterwards  only  be  necessary  to  keep  the  weeds  clear, 
prune  and  scaffold  them;  and  one  vine  is  worth  more  than  fifty  apple  trees." 

The  editors  of  The  Star  add  the  following  comments  to  Mr.  Blount's 
report : 
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"Our  readers  will  recollect  a  communication  on  this  singular  and  excellent 
species  of  grape  (which  for  the  sake  of  distinction,  until  we  are  better  in- 
structed, we  shall  denominate  the  Scuppernong  Grape)  in  the  239th  page  of 
our  first  volume.  That  communication  excited  considerable  interest  and  pro- 
cured for  us  another  favour  of  the  same  kind  from  Mr.  Cooper,  which  will  be 
seen  in  page  38  of  our  second  volume." 

The  grape  was  named  "Scuppernong"  because  of  the  numerous 
plantings  of  this  variety  along  the  Scuppernong  Kiver  at  that  time. 
The  name  was  also  given  as  a  compliment  to  James  Blount,  who  lived 
near  that  river  and  whose  excellent  articles  on  this  grape  attracted 
much  attention  at  that  time. 

At  that  time,  Dr.  Calvin  Jones  and  Thomas  Henderson  were  editors 
of  The  Star,  The  honor,  then,  of  naming  this  grape  belongs  to  the 
editors  of  a  Kaleigh  (North  Carolina)  newspaper.  It  is  very  prob- 
able that  it  should  properly  be  given  to  Dr.  Calvin  Jones,  who  was 
a  noted  naturalist,  and  edited  the  agricultural  part  of  The  Star. 

The  writer  feels  certain  that  this  is  the  first  time  that  this  grape 
was  designated  as  Scuppernong,  He  has  not  been  able  to  find  this 
name  used  in  any  of  the  earlier  writings ;  and  Blount,  in  his  report 
two  years  previous  to  that  date,  speaks  of  it  as  "the  large  White 
Grape."  The  following  extracts  from  a  letter  written  by  James 
Saimders  of  Chowan  County,  North  Carolina,  to  the  editors  of  The 
Star  and  published  in  that  paper  April  17,  1812,  under  the  title 
"Scuppernong  Grapes  and  Wine,"  also  lead  to  the  same  conclusion : 

''Your  publishing  with  such  lively  Interest  the  properties  of  that  excellent 
fruit  you  have  named  the  'Scuppernong  Grape,'  while  it  appeared  you  were 
yourselves  quite  a  stranger  to  it,  has  induced  me  to  endeavor  to  prepare  and 
convey  to  you,  this  fall,  a  few  slips  of  that  valuable  and  most  luxurious 
article. 

"The  usual  or  common  name  given  those  grapes  here  is  the  'White  Fox.' 
So  far  as  my  Information  goes,  I  think  It  is  most  probably  a  native  of  Roanoke 
Island,  near  Roanoke  Inlet,  where  some  have  conjectured  Sir  Walter  Raleigh 
either  found  or  left  them.  However,  I  have  heard  no  person  object  to  the 
name  you  have  given,  nor  do  I  expect  that  any  will,  for  the  neighborhood 
about  Scuppernong  for  several  years  has  abounded  with  them,  and  for  some 
tinne  past  the  inhabitants  have  been  turning  them  to  good  account,  and,  with 
the  help  of  the  encouraging  Star,  this  branch  of  economy  and  Industry  may 
be  brought  to  high  perfection." 

Origin  of  the  Word  Scuppernong. — The  word  Scuppernong  is  a  cor- 
ruption of  the  Indian  word  ascuponung,  meaning  place  of  the  ascupo, 
ascopo,  or  askopo.  The  word  ascopo  was  the  Algonquin  Indian 
name  for  the  Sweet  Bay  (Magnolia  glauca).  This  tree  is  very  abund- 
ant along  the  Scuppernong  River. 

On  the  old  maps  of  the  State  we  find  that  the  word  ascuponung 
was  gradually  changed  until  it  has  become  badly  corrupted.  Eman 
Bowen  gives  it  as  cuscoponung  in  1752.  On  a  map  by  Joshua  Fry, 
published  a  little  later,  it  is  given  as  cusponung.  In  1770  John 
Collet  changes  it  to  Scuponung.  In  1771  James  Cook  again  changes 
it  to  Scuponing.  Some  time  between  1775  and  1800  it  was  finally 
changed  to  Scuppernong. 
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Early  Names  of  the  Scuppernong. — During  the  early  history  of  this 
grape  and  before  the  name  Scuppernong  became  generally  used, 
it  was  known  by  different  names  in  different  localities.  The  original 
name  was  the  White  Grape.  Around  New  Bern,  North  Carolina,  it 
was  known  as  the  Hickman  grape,  having  been  named  for  a  Mr. 
Hickman  who  introduced  it  into  that  locality.  It  has  also  been  desig- 
nated as  the  Roanoke  Grape,  White  Scuppernong,  and  Green  Scup- 
pernong. 

Old  Vines  on  Roanoke  Island. 

It  is  often  stated  that  the  original  Scuppernong  vine  is  still  grow- 
ing on  Roanoke  Island,  where  it  was  first  found.  The  writer  feels 
quite  certain  that  this  is  a  mistake.  He  examined  these  vines  on 
Roanoke  Island  carefully  and  found  that  there  are  five  vines  of  about 
equal  age  that  undoubtedly  were  planted  there,  as  they  stand  in  two 
straight  rows.  It  is  true  that  these  vines  are  very  old,  but  certainly 
not  as  old  as  some  in  Tyrrell  County. 

It  is  not  definitely  known  who  carried  the  young  plants  of  this 
grape  from  Tyrrell  County  to  Roanoke  Island,  but  as  there  was  con- 
siderable traveling  and  trading  between  this  island  and  the  main- 
land along  Albemarle  Sound,  it  is  reajiily  understood  how  the  vine 
or  vines  could  have  been  carried  to  the  island. 

It  is  stated  by  some  that  the  vines  were  carried  from  Tyrrell  County 
to  Roanoke  Island  by  Ann  Ashbee.  This  may  be  possible,  as  Ann 
Ashbee  in  1799  married  Maurice  Baum,  who  in  1797  had  purchased 
the  property  on  Roanoke  Island  on  which  the  old  vines  now  stand. 
Certain  records  seem  to  indicate,  however,  that  these  vines  were 
planted  at  an  earlier  date. 

SCUPPERNONG  A   MUSCADINE. 

The  Scuppernong  is  a  variety  of  the  Muscadine  grape,  Vitis 
rotundifolia,  which  grows  wild  abundantly  all  through  the  eastern 
part  of  the  State.  Some  writers  dispute  this,  but  it  is  diflBcult  to 
understand  how  anyone  who  has  seen  the  Scuppernong  and  the  wild 
Muscadine  vines  can  conclude  that  the  Scuppernong  is  not  a  native 
grape.  The  variety  has  every  characteristic  of  that  species.  The 
trunk,  vines,  aerial  roots,  tendrils,  leaves,  and  flowers  are  char- 
acteristic of  this  species.  It  is  true  that  the  fruit  of  the  Scupper- 
nong is  light  or  whitish  in  color,  while  that  of  the  Muscadine  is 
usually  dark-purple  or  black.  Still  we  know  that  the  black  Fox  grape, 
Vitis  labrusca,  often  produces  white-fruited  seedlings.  Many  species 
normally  producing  black  fruit  now  and  then  produce  forms  which 
yield  white  fruit. 

Furthermore,  the  writer  has  seen  a  wild  Muscadine  vine  bearing 
white  fruit.  (See  Fig.  2.)  It  was  found  growing  wild  in  the  woods 
on  Roanoke  Island.    He  has  also  seen  two  white-fruited  Muscadines 
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now  growing  on  the  farm  of  J.  A.  Swain,  Columbia,  North  Carolina, 
which  were  found  in  the  woods  near  Columbia,  by  his  father,  Timothy 
Swain.  Still  further  proof  is  that  most  of  the  seedlings  of  the 
Scuppernong  have  purple  or  black  fruit  and  are  as  typical  Muscadines 
as  can  be  found  anywhere.  Then,  too,  the  Pee  Dee  grape  is  a  white- 
fruited  Muscadine  that  was  originally  found  growing  wild  in  South 
Carolina. 


Fig.  2.— Wild  Wiiite  Muscadine. 


IMPORTANCE  AND  CHARACTERISTICS  OF  THE  SCUPPERNONG. 

The  Scuppernong  was  the  first  American  or  native  grape  to  be 
brought  into  cultivation.  It  has  always  been  the  most  important 
variety  of  this  species  and  has  been  more  generally  planted  than 
all  of  the  other  muscadines  combined.  It  became  popular  as  soon 
as  introduced  because  of  its  great  hardiness — growing  and  bearing 
well  under  neglect,  and  producing  an  excellent  table  grape  and  wine. 

The  vine  is  a  vigorous  grower  and  attains  immense  size,  as  is  seen 
by  Fig.  1,  which  shows  a  Tyrrell  County  vine  measuring  seven  feet 
six  inches  around  the  trimk.  It  is  notably  healthy,  not  being  seriously 
afiFected  by  either  insects  or  diseases,  and  is  generally  a  regular  and 
heavy  bearer  when  growing  on  suitable  soils.  It  is  long-lived ;  some 
of  the  vines  now  bearing  good  crops  are  more  than  a  hundred  years 
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old.  One  marked  peculiarity  of  the  vine  is  the  splitting-up  of  the 
main  trunk  into  several  divisions,  when  it  becomes  very  old ;  also  the 
production  of  aerial  roots  when  trained  on  arbors.  The  vine  can  be 
quite  readily  distinguished  from  the  dark-fruited  varieties  by  the 
light-colored  ends  and  nodes  of  the  young  shoots,  the  whitish  or  light- 
green  tendrils  and  new  growths  of  the  aerial  roots. 

The  flowers  are  perfect,  and  appear  during  June  in  Xorth  Carolina. 
Flowers  (and  fruit)  are  borne  on  the  new  wood,  and  not  on  the  old 
wood,  as  some  of  our  popular  writers  have  stated.    The  clusters  vary 


Fig.  3. — Scuppemong. 

considerably  in  size,  containing  from  one  to  twenty-five  berries, 
usually  being  much  larger  on  sandy  than  on  clay  soils.  The  berries 
are  round,  large,  often  becoming  an  inch  in  diameter ;  the  color  varies 
from  pale  green  to  golden  russet ;  skin  thick  but  tender  for  a  Musca- 
dine. The  pulp  is  tender,  juicy,  with  a  sweet,  rich,  characteristic 
aromatic  flavor;  and  the  quality  is  very  good,  especially  when  grown 
on  sandy  soils.  The  chief  defects  of  this  grape  are  the  readiness  with 
which  the  berries  shatter  from  the  cluster  when  fully  ripe,  and  the 
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irregularity  of  ripening  of  the  berries  even  on  the  same  cluster.  The 
ripening  period  covers  the  entire  month  of  September  in  North  Caro- 
lina. 

The  Scuppernong  is  distinctly  a  wine  grape.  It  makes  a  rich, 
light-colored  wine,  which  has  no  superior  among  sweet  wines.  The 
large  plantings  in  this  State,  some  of  which  cover  from  one  hundred 
to  six  hundred  acres,  were  made  primarily  for  vnne  production.  A 
bushel  of  fruit  will  produce  from  three  to  four  gallons  of  v^ne. 

It  is  also  a  good  table  grape  when  used  soon  after  gathering;  but 
as  the  skin  is  often  broken,  in  picking,  where  the  stem  is  attached, 
the  fruit  sours  readily  during  warm  weather.  It  cannot  be  shipped 
successfully  except  when  used  for  making  vnne. 

This  is  distinctly  a  grape  for  sandy  soils,  and  should  never  be 
planted  extensively  on  heavy  clay.  It  is  more  productive,  and  the 
clusters  and  berries  are  larger,  more  juicy  and  of  better  quality  on 
sandy  or  sandy-loam  soils  than  on  clay  soils. 

OTHER  IMPORTANT  VARIETIES  OF  VITIS  ROTUNDIFOLIA. 
Varieties  With  Dark-colored  Fruit. 

Flowers. — This  excellent  late  grape  comes  from  Bobeson  County, 
North  Carolina.  It  was  discovered  early  in  the  nineteenth  century 
by  William  Flowers,  about  sixteen  miles  south  of  Lumberton,  in 
Flowers  Swamp.  In  1816,  Giles  Williams  visited  the  parent  vine  for 
the  purpose  of  obtaining  cuttings.  He  states  that  the  vine  then 
had  the  appearance  of  being  about  ten  or  twelve  years  old.  As  the 
fruit  of  this  variety  ripens  very  late  and  makes  an  excellent  red 
wine,  it  soon  became  the  leading  black  grape  in  the  South  for  vrine 
making.  This  is  the  most  popular  late  variety  of  this  species,  the 
fruit  being  at  its  best  the  latter  part  of  October  and  during  November. 
The  vine  is  unusually  vigorous  and  is  a  very  heavy  bearer.  The 
clusters  are  large  and  contain  from  ten  to  twenty-five  berries,  which 
are  large,  slightly  oblong,  purple  to  black  in  color,  and  cling  to  the 
cluster  unusually  well,  being  equal  to  any  of  the  bunch  grapes  in 
this  respect.  This  is  due  to  the  stem  being  attached  on  the  inside  of 
the  fruit,  into  which  the  fibro-vascular  bundles  extend  from  one- 
eighth  to  one-fourth  of  an  inch.  This  is  an  important  characteristic, 
as  it  enables  the  fruit  to  be  shipped  long  distances  without  the  shat- 
tering of  the  berries  which  usually  occurs  with  most  of  the  varieties 
of  this  species.  The  pulp  is  rather  hard  and  harsh  and  the  flavor 
is  inferior  to  that  of  most  of  the  other  varieties.  For  table  purposes 
it  has  little  to  recommend  it  except  its  late  ripening  season.  For 
wine  making  it  has  no  superior ;  and  it  will  probably  make  excellent 
iinfermented  grape  juice.  The  large  clusters  and  the  clinging  quality 
of  its  berries  seem  to  commend  it  for  breeding  work. 
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Flowers  Improved — This  variety  was  found  by  J.  M.  Shipman, 
about  1869,  near  Eed  Hill  Swamp,  nine  miles  north  of  Whiteville, 
North  Carolina.  As  it  has  been  only  locally  advertised,  it  is  not 
generally  grown.  The  variety  has  a  great  deal  to  recommend  it,  be- 
ing superior  in  some  respects  to  its  parent,  the  Flowers.  The  vine 
is  more  vigorous  and  more  productive;  the  fruit  is  similar  to  the 
Flowers,  but  the  clusters  are  larger  and  the  berries  more  oblong 
and  cling  tenaciously  to  the  stem,  which  is  attached  internally.  It 
ripens  as  late  as  its  parent,  and  for  wine  making  and  breeding  work 
seems  to  be  equally  promising. 


James. — This  is  a  native  of  Pitt  County,  North  Carolina.  It 
was  found  by  B.  M.  James,  in  1866,  about  three  miles  south  of 
Parmele,  on  the  Weldon  and  Kinston  Railway.  Mr.  James  was  at- 
tracted to  the  grape  because  of  the  very  large  size  of  the  individual 
berries,  and  by  the  fact  that  they  remained  on  the  vines  in  perfect 
condition  until  very  late  in  the  season.  He  propagated  the  variety 
and  sold  it  quite  extensively.  At  present  it  is  probably  the  most 
widely  planted  and  most  popular  black  grape  of  this  species.  The 
vine  is  very  vigorous  and  productive;  the  clusters  are  of  medium 
size  and  contain  from  five  to  fifteen  berries,  which  are  bluish-black 
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in  color  and  are  the  largest  of  any  in  this  group,  often  measuring 
an  inch  and  a  quarter  in  diameter.  The  skin  is  thin^  the  pulp  tender 
and  juicy,  and  the  quality  very  good.  The  chief  defect  of  this 
variety  is  the  readiness  with  which  the  berries  shatter  from  the  cluster 
as  soon  as  ripe.  It  is  much  better  suited  to  clay  soils  than  the  Scup- 
pemong  and  is  probably  the  best  general-purpose  variety  of  the  group. 
Hopkins. — This  grape  was  originated  near  Wilmington,  North 
Carolina,  about  1845,  by  John  Hopkins,  an  English  gardener,  who 
came  to  that  place  in  1840.    It  is  said  to  be  a  cross  between  a  wild 


Plgr.  5. — Memory. 
(Clusters  usually  larerer  than  that  illustrated.) 

black  grape  and  the  Scuppernong.  It  is  not  known  at  present  what 
the  wild  black  grape  was,  but  it  is  very  probable  that  it  was  a  musca- 
dine. Others  maintain  that  this  variety  is  simply  a  superior  seedling 
of  the  Scuppernong.     As  the  fruit  of  this  grape  ri@^R§b?^4M)^%:n 
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that  of  any  others  belonging  to  this  species,  and  as  it  is  of  excellent 
quality,  it  is  rather  strange  that  this  grape  has  not  been  more  widely 
grown.  The  vine  is  exceedingly  vigorous  and  healthy,  the  clusters 
and  black  berries  are  large,  the  pulp  is  tender,  and  the  flavor  un- 
surpassed. This  variety  is  a  valuable  member  of  this  group,  as  it 
lengthens  the  ripening  season  nearly  a  month,  beginning  early  in 
August.    It  should  be  found  in  every  home  vineyard. 

Memory. — The  Memory  was  introduced,  in  1868,  by  the  late  T.  S. 
Memory,  of  Whiteville,  North  Carolina.  Some  of  its  characteristics 
and  the  fact  that  it  was  found  in  his  vineyard  among  some  Thomas 
grapevines  indicate  that  it  is  a  seedling  of  the  Thomas,  The  grape 
proved  to  be  an  excellent  one,  and  Mr.  Memory  named  it  for  himself. 
The  vine  is  probably  the  most  vigorous  grower  of  this  group.  The 
fruit  ripens  in  September ;  the  clusters  are  of  good  size,  and  the  berries 
cling  to  the  clusters  until  they  become  shriveled.  The  berries  are 
very  large,  oval  to  oblong  in  shape,  and  jet-black  in  color.  The  palp 
is  juicy,  very  tender,  exceedingly  sweet  and  delicious.  This  variety 
has  not  become  as  widely  distributed  as  its  good  qualities  merit.  It 
should  be  in  every  home  vineyard,  and  for  local  market  it  has  no 
superior  in  this  species. 

Mish. — This  variety  was  found  by  William  Henry  Mish,  about 
1846,  at  Swann  Point,  on  the  Pamlico  River,  about  six  miles  east 
of  Washington,  North  Carolina.  He  found  it  growing  in  the  sand 
twelve  or  fifteen  feet  from  the  river.  The  variety  was  named  for 
the  finder  and  introduced  by  him  shortly  after  being  discovered.  It 
soon  attracted  much  attention  and  was  widely  planted  throughout  the 
South.  Extensive  plantings  of  it  can  be  found  at  present  around 
Washington,  North  Carolina.  The  vines  are  vigorous  and  very  pro- 
ductive. The  clusters  are  large ;  the  berries  medium  in  size,  round, 
purplish  in  color,  and  adhere  well  to  the  clusters.  The  pulp  is 
tender,  juicy,  very  sweet  and  of  exceptionally  fine  quality.  This 
variety  should  be  planted  in  every  vineyard,  because  of  its  fbie  flavor 
and  good  shipping  qualities. 

Sugar. — This  is  another  variety  introduced  by  the  veteran  grape 
grower,  T.  S.  Memory,  of  Whiteville,  North  Carolina.  It  was  found 
by  him  at  Whiteville,  between  1865  and  1870.  The  variety  has  never 
been  widely  grown,  and  at  present  the  writer  is  able  to  locate  only 
a  few  vines  of  it.  It  does  not  possess  any  special  characteristics  to 
commend  it. 

Tenderpulp — Tenderpulp  originated  in  the  vineyard  of  D.  P. 
High,  at  Whiteville,  North  Carolina,  about  1868.  It  is  very  likely 
a  seedling  of  the  Flowers.  Although  the  pulp  is  very  tender,  it  is 
low  in  sugar  content,  and  of  poor  quality.  It  has  nothing  to  com- 
mend it  except  its  exceedingly  tender  flesh,  and  its  productiveness. 
Because  of  its  poor  quality,  it  has  never  become  very  popular. 
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Varieties  With  Light-colored  Fruit. 

Pee  Dee — The  Pee  Dee  was  discovered  by  some  negroes  on  Dr. 
H.  Williamson's  place  at  Darlington  Court  House,  South  Carolina, 
just  prior  to  the  Civil  War.  During  the  war,  it  was  brought  to 
Dr.  Williamson's  attention.  It  was  undoubtedly  an  accidental  seed- 
ling, as  it  was  found  growing  over  a  fence  where  everything  seemed 


Pig.  6.— Mish. 

to  indicate  that  it  had  not  been  planted.  This  variety  never  be- 
came very  popular  or  widely  distributed  and  at  present  is  seldom 
met  with.  It  is  an  interesting  variety  because  the  color  of  the 
berries  is  similar  to  that  of  the  Scuppernong.  It  has  nothing  to 
commend  it  over  that  variety  except  its  late  ripening  habit.  For 
wine  and  jelly  it  is  excellent. 
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Varieties  With  Reddish  or  Reddish-purpie  Fruit. 

Thomas — This  excellent  variety  was  found  about  1845,  in  the 
woods  four  miles  from  Marion,  South  Carolina,  by  Drewry  Thomas, 
and  takes  its  name  from  Mr.  Thomas,  who  introduced  it.  The  variety 
at  once  became  popular  because  of  its  delicious  sweetness,  and  has 
been  widely  planted.  It  is  unique  as  a  muscadine  because  it  is 
the  only  variety  of  the  species  that  has  reddish  or  reddish-purple 
fruit.     The  vine  is  not  a  vigorous  grower,  but  is  very  productive. 


Fig.  7.— Thomas. 

The  clusters  are  large,  and  the  berries  shatter  readily  when  fully 
ripe.  The  fruit  ripens  early,  and  the  berries  are  small,  round,  reddish, 
with  a  thin,  tender  skin.  The  pulp  is  tender,  juicy,  sweet,  and  ex- 
ceptionally rich.     As  a  table  grape  the  quality  could  hardly  be  iin- 
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proved  on.  The  only  other  variety  that  equals  it  in  this  respect 
is  the  Memory.  It  should  be  planted  in  every  vineyard,  and  if  but 
one  variety  is  to  be  planted  for  hom^use,  Thomas  is  the  variety. 

Unimportant  Varieties. 

There  are  several  varieties  of  this  species  grown  only  locally,  and 
it  is  quite  probable  that  they  will  never  be  widely  grown,  or  become 
of  any  special  importance.  Such  varieties  are  Beula,  Westbrook, 
Jeter,  and  Seedlin. 

MEN  WHO  POPULARIZED  THE   MUSCADlt^E  GRAPES. 

Since  North  Carolina  is  responsible  for  the  introduction  of  most  of 
the  varieties  of  this  species,  it  is  only  just  to  mention  the  names  of 
the  men  who  were  largely  responsible  for  their  introduction.  These 
men  were  Thomas  Blount,  of  Washington  County;  Hickman,  of 
Craven  County;  Calvin  Jones,  of  Wake  County;  Sidney  Weller, 
of  Halifax  County ;  Henry  Mish,  of  Beaufort  County ;  T.  S.  Memory 
and  D.  P.  High,  of  Columbus  County ;  L.  Froelich,  of  Duplin  County ; 
and  J.  Van  Buren,  of  Georgia. 

RECOMMENDATION   OF  VARIETIES. 

a.  For  home  use : 

Hopkins,  Thomas,  Scuppernong,  Mish,  Memory  and  Flowers 
Improved. 

b.  For  wine : 

Scuppernong,  James,  Flowers  and  Flowers  Improved. 

c.  For  unfermented  grape  juice: 

James,  Mish,  Memory  and  Flowers. 

d.  For  general  market : 

Mish,  Memory  and  Flowers  Improved. 

IMPORTANCE  OF  MUSCADINE  GRAPES  IN  THE  SOUTH. 

The  varieties  of  this  species  have  always  been  the  most  important 
grapes  in  the  warmer  sections  of  the  South.  They  are  especially 
well  adapted  to  the  climatic  and  soil  conditions  of  the  Coastal  Plain 
region  from  southeastern  Virginia  to  Texas.  The  vines  grow 
luxuriantly,  and  as  the  bloom  appears  very  late,  they  are  regular 
bearers.  The  fruit  is  practically  free  from  fungous  diseases  and  is 
very  rarely  attacked  by  insects.  Most  of  the  muscadines  ripen  their 
fruit  comparatively  late  in  the  season,  after  most  other  grapes  are 
gone,  and  at  the  best  season  for  wine  making.  Most  other  grapes 
grown  in  the  South  are  quite  subject  to  rot  and  insect  injury,  and 
the  vines  are  short-lived. 
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MUSCADINES  IN   NORTH  CAROLINA. 

The  Muscadine  grapes  are  not  equally  well  adapted  to  all  part? 
of  the  State.  They  reach  theff  greatest  perfection  in  the  Coastal 
Plain  section.  This,  of  course,  is  quite  natural,  as  it  is  the  home  of 
most  of  these  varieties.  The  climatic  and  soil  conditions  there  sltk" 
admirably  suited  to  them. 

They  also  do  well  in  the  Sand  Hill  region  of  the  State.  Eveu 
on  the  poor,  white,  dry  sandy  soils  where  few  other  plants  thrive. 
these  grapes  reach  a  high  degree  of  development. 

They  will  grow  quite  well  in  the  Lower  Piedmont  section,  ami 
especially  on  sandy  soil,  but  the  clusters  are  much  smaller  and  th*- 
flavor  inferior  to  those  grown  in  the  Coastal  section.  This  is  espe- 
cially true  on  clay  soils.  For  commercial  purposes  they  should  nut 
be  planted  in  this  section. 

Attempts  to  grow  them  in  the  Mountain  and  Upper  Piedmont  sec- 
tions have  usually  resulted  in  failure.  While  the  vines  grow  well  in 
the  Upper  Piedmont,  they  very  seldom  bear  fruit.  They  should 
not  to  be  planted  extensively  at  an  elevation  greater  than  six  hundred 
to  seven  hundred  feet. 

MUSCADINES  FOR  MARKET. 

These  grapes  are  especially  well  suited  to  the  family  vineyard  and 
for  wine  making,  and  may  be  marketed  with  some  degree  of  success. 
Considerable  objection  has  been  raised  against  them  for  market  pur- 
poses because  of  the  small  size  of  the  clusters,  but  this  objection  does 
not  always  hold,  as  some  of  the  varieties  bear  as  many  as  fifteen  to 
twenty-five  berries  to  the  cluster.  Other  things  being  equals  the 
clusters  are  much  larger  when  grown  on  sandy  soils  than  on  clay 
soils.  With  some  of  the  varieties  the  fruit  shatters  readily  from 
the  cluster  as  soon  as  ripe ;  with  others  the  berries  cling  as  tenaciously 
to  the  cluster  as  with  any  other  variety  of  grapes. 

UNFERMENTED  GRAPE  JUICE. 

The  question  is  often  asked  whether  these  grapes  can  be  used  suc- 
cessfully for  making  unfermented  grape  juice.  Careful  experiments 
by  one  of  the  largest  wine  manufacturers  in  the  South  show  that 
some  varieties  of  this  species,  especially  the  dark-fruited  varietie?. 
are  well  suited  for  this  purpose.  The  writer  knows  of  no  reason 
why  this  should  not  become  an  important  industry  in  the  South.  Al- 
though the  Scuppemong  does  not  seem  to  be  so  well  suited  for  this 
purpose  as  the  dark-fruited  varieties,  yet  carefully  conducted  tests 
have  shown  that  it  may  be  successfully  used. 
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SELF-STERILITY  IN   MUSCADINE  GRAPES. 

One  of  the  most  important  questions  connected  with  the  growing  of 
Muscadine  grapes  is  whether  or  not  they  are  self-sterile.  At  present 
this  cannot  be  definitely  answered,  at  least  for  all  varieties;  and 
more  and  better  work  will  have  to  be  done  to  detennine  this  point. 
Certainly  the  same  answer  may  not  apply  to  the  group  as  a  whole. 
It  is  possible  that  some  varieties  will  prove  to  be  self-fertile  and 
others  self-sterile.  Undoubtedly  soil  and  climatic  conditions  have 
some  influence  on  fertility  in  this  group.  Some  of  the  varieties, 
notably  the  Scuppernong,  appear  to  be  more  nearly  self-sterile  on 
the  clay  soils  in  the  Piedmont  section  than  on  the  sandy  soils  in  the 
Coastal  section.  Some  Scuppernong  vines  appear  to  be  self-fertile 
and  others  self-sterile  under  apparently  similar  conditions. 

The  writer's  work,  while  confined  to  only  one  season  and  one  sec- 
tion of  the  State,  gave  decided  results.  A  large  number  of  flower 
clusters  of  the  Scuppernong  and  Flowers  were  covered  with  paper  bags 
before  the  flowers  opened,  and  not  a  single  fruit  was  produced.  On 
the  same  Scuppernong  vines  other  flower  clusters  were  covered  simi- 
larly, but  later  when  the  stigmas  became  receptive  a  flower  cluster 
from  a  male  vine  was  tied  to  each  of  these  Scuppernong  flower  clus- 
ters.    Three-fifths  of  these  matured  normal-size  clusters  of  fruit. 
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MANUFACTURE  AND   MARKETING   OF  COTTAGE 

CHEESE,  8KIMMILK-BUTTERMILK 

AND  ICE-CREAM. 


Bt  John  Michels,  Daiby  Husbandman. 


In  making  cottage  cheese  and  buttermilk  the  first  and  most  impor- 
tant essential  is  good  flavor.  Next  in  importance  is  uniformity  of 
product  Both  of  these  essentials  can  be  obtained  with  certainty  only 
by  the  use  of  pure  cultures  of  lactic  acid  bacteria  in  souring  the  skim- 
milk. 

The  natural  souring  of  milk  is  due  to  lactic  acid  bacteria,  which  act 
upon  the  milk  sugar,  changing  a  portion  of  it  into  lactic  acid.  Milk 
always  contains  these  souring  bacteria,  but,  as  a  rule,  there  are  pres- 
ent also  various  other  types  which  produce  undesirable  flavors.  To 
suppress  the  undesirable  types  of  bacteria,  it  is  necessary  to  reinforce 
the  lactic  acid  organisms  by  adding  large  quantities  of  them  in  pure 
form,  that  is,  unmixed  with  other  classes  of  bacteria.  Commonly, 
such  pure  cultures  of  lactic  acid  bacteria  are  known  as  starters. 

PREPARATION  OF  PURE  CULTURES  OF  LACTIC  ACID  BACTERIA. 

The  cultures  containing  the  lactic  acid  ferment  are  prepared  com- 
mercially, and  small  samples,  either  in  dry  or  liquid  form,  can  be  ob- 
tained from  manufacturers  at  about  seventy-five  cents  per  bottle.  The 
bottle  thus  obtained  is  emptied  into  a  quart  of  pasteurized  skimmilk, 
that  is,  skimmilk  which  has  been  kept  at  a  temperature  of  about  170° 
F.  for  thirty  minutes  and  then  quickly  cooled  to  about  70°  F.  As 
soon  as  the  quart  of  skimmilk  has  thickened,  which  usually  requires 
about  twenty-four  hours,  it  is  ready  for  use. 

In  the  process  of  heating,  all  of  the  active  bacteria  in  the  skimmilk 
have  been  destroyed,  thus  leaving  a  clean  field  for  the  development  of 
the  lactic  acid  bacteria  added  to  it  from  the  bottle. 

The  method  of  using  the  lactic  acid  bacteria  is  similar  to  the  use 
of  yeast  in  breadmaking.  The  original  germs  obtained  from  the 
manufacturer  may  be  propagated  for  weeks  by  daily  transferring  a 
small  amount  of  the  thickened  skimmilk  to  newly  pasteurized  skim- 
milk. As  a  rule,  one  pound  of  the  thickened  skimmilk  will  sour 
thirty  to  forty  pounds  of  sweet  pasteurized  skimmilk  in  twenty-four 
hours  at  a  temperature  of  70°  F. 

Parenthetically,  it  may  be  stated  that  pure  cultures  of  lactic  acid 
bacteria  (starters)  are  also  frequently  used  in  souring  cream  for  but- 
termaking.  Indeed,  the  highest  quality  of  butter  is  not  possible  with- 
out their  use. 
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MAKING  COTTAGE  CHEESE. 

Hitherto  no  definite  method  has  been  employed  in  the  making  of 
cottage  cheese,  which,  no  doubt,  is  largely  due  to  the  fact  that  its  man- 
ufacture has  been  almost  entirely  confined  to  the  home.  The  method 
in  common  use  consists  essentially  in  placing  curdled  milk,  either 
heated  or  unheated,  in  a  linen  or  cotton  cloth  bag  which  is  hung  up  in 
some  convenient  place  to  allow  the  curd  to  drain. 

Where  cheese  is  to  be  made  on  a  commercial  scale,  this  method  has 
not  been  found  satisfactory.     After  much  experimentation  we  have 


Fig.  1.— Strainer  and  Shotffan  Cans  in  Water  Tank. 

succeeded  in  developing  a  method  which  has  proven  perfectly  satis- 
factory in  making  cheese  for  city  trade,  and  which  it  is  felt  can  confi- 
dently be  recommended  for  use  by  dairymen  in  general.  The  succes- 
sive steps  in  this  process  are  described  in  the  paragraphs  following. 

Souring  the  Skimmilk. — Where  from  ten  to  twenty  pounds  of 
cheese  are  to  be  made  at  one  time,  the  skimmilk  is  most  satisfactorily 
soured  in  four  to  eight  gallon  shotgun  cans  which  have  a  uniform 
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diameter  of  from  eight  to  ten  inches.  Enough  pure  culture  of  lactic 
acid  ferment  is  added  to  sour  the  skimmilk  in  about  three  hours  at  a 
temperature  of  100°  F.  As  a  rule,  one  gallon  of  culture  to  every  four 
gallons  of  sweet  skimmilk  will  accomplish  the  souring  in  the  given 
time. 

The  culture  should  be  vigorously  stirred  and  then  thoroughly  mixed 
with  the  skimmilk.  As  soon  as  this  has  been  done  the  cans  containing 
the  mixture  are  placed  in  a  tank  of  water,  as  shown  in  Fig.  1.  In 
heating  the  skimmilk  to  100°  F.  the  water  in  the  tank  should  never 
exceed  110°  F.  The  high  temperature  employed  in  souring  the  skim- 
milk has  several  advantages:  (1)  it  hastens  the  souring  process;  (2) 
it  causes  the  skimmilk  to  curdle  with  less  acid,  thus  making  a  milder 
cheese;  and  (3)  the  curd  may  be  stirred  as  soon  as  curdled  without 
danger  of  diminishing  the  yield. 

Where  large  quantities  of  cheese  are  to  be  made,  the  skimmilk 


Fio.  2.— Curd  in  Strmioer  after  pressinff.  and  Curd  Grinder. 

should  be  soured  in  a  common  cream  vat  with  an  open  end,  which  is 
usually  used  for  adding  ice  to  the  water  underneath.  In  the  manu- 
facture of  cottage  cheese,  this  open  end  is  necessary  in  order  to  ob- 
serve the  temperature  of  the  water  used  in  heating  the  milk  and  curd. 

Heating  the  Curd. — As  soon  as  the  skimmilk  has  thoroughly 
curdled,  the  curd  should  be  raised  to  a  temperature  of  104°  F.  by 
heating  the  water  surrounding  the  curd  to  about  115°  F.,  and  care 
should  be  taken  never  to  heat  it  above  120°  F.  During  the  heating 
the  curd  should  be  constantly  stirred  with  a  stirrer  consisting  of  a 
four-inch  heavy  tin  disc  attached  to  an  iron  rod.  Where  a  cream  vat 
is  used,  the  stirring  is  done  by  hand.  When  the  curd  has  reached  a 
temperature  of  104°  F.  the  water  surrounding  it  should  be  removed 
and  the  stirring  continued  for  ten  minutes  more,  after  which  it  is 
ready  to  drain. 

Draining  the  Curd. — This  is  best  accomplished  in  a  tin  strainer 
with  perforated  sides  and  bottom  like  that  shown  in  Figs.  1  and  2. 
The  strainer  should  be  of  ample  size  to  hold  conveniently  all  the  curd. 
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to  expedite  drainage.  A  piece  of  cheese  cloth  should  be  spread  over 
the  strainer  before  receiving  the  curd.  The  latter  must  be  hand- 
stirred  as  soon  as  it  reaches  the  strainer,  but  the  stirring  should  be 
done  very  carefully  at  the  start  to  avoid  loss  by  mashing  the  particles. 
Continue  the  operation  until  the  curd  is  firm  enough  to  prevent  the 
particles  from  sticking  together,  which  usually  requires  about  five 
minutes.  When  proper  firmness  is  reached,  the  curd  is  wrapped  in 
the  cloth  strainer  and  squeezed  with  the  hands  until  most  of  the 
whey  has  been  removed.  This  operation  requires  only  a  few  minutes, 
and  care  must  be  taken  not  to  press  the  curd  too  hard.  After  pressing, 
the  curd  appears  in  a  roll  like  that  shown  in  Fig.  2, 

Orinding  the  Curd. — Immediately  after  pressing,  the  curd  is  run 
through  an  ordinary  meat  grinder  (see  Fig.  2).  The  machine  should 
be  set  for  coarse  grinding  and  should  be  large  enough  to  enable  one 
to  complete  the  operation  in  a  few  minutes.  * 


Fig.  8.— Cotta««  CheeM  Packages  and  method  of  filUnff  them. 

The  cheese  is  then  put  into  packages  by  means  of  a  large  spoon, 
in  the  manner  shown  in  Fig.  3.  One-pound  packages  appear  to  be 
the  most  satisfactory  for  the  average  trade. 

Yield  and  Selling  Price  of  Cheese, — On  an  average  it  requires  7.1 
pounds  of  skimmilk  to  make  one  pound  of  cottage  cheese.  The  cheese 
was  furnished  grocers  at  ten  cents  per  pound  and  was  retailed  by 
them  at  fifteen  cents.  We  were  able  to  dispose  of  twenty  pounds 
per  day  at  this  price  on  the  local  market,  a  city  in  which  the 
cheese  had  never  been  handled  before. 


MAKING  SKIMMILK-BUTTERMILK. 

Souring  the  Skimmilk. — As  soon  as  the  skimmilk  leaves  the  sepa- 
rator, whole  milk  is  added  to  it  at  the  rate  of  one  gallon  to  twenty  gal- 
lons of  skimmilk.     This  gives  the  mixture  a  fat  content  which  ap- 

•After  srrindins:  the  curd,  it  is  soaked  with  sweet  whole  milk,  uainff  about  one  and  one-half 
quarts  for  every  ten  irallons  of  skimmilk  used.  ^  r^r^^\r^ 
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proximates  that  of  natural  buttermilk.  A  large  quantity  of  pure  cul- 
ture of  lactic  acid  bacteria  (starter)  is  next  added  and  the  tempera- 
ture brought  to  70°  F.  Enough  culture  is  added  to  curdle  the  skim- 
milk  in  about  six  hours  at  the  temperature  mentioned.  When  a  tem- 
perature above  70°  F.  is  employed,  there  is  a  tendency  for  the  skim- 
milk  to  "whey  off"  after  it  has  curdled. 

Churning. — ^When  thoroughly  curdled,  the  skimmilk  is  placed  in  a 
chum  and  churned  for  forty  minutes  in  the  same  way  that  cream  is  in 
making  butter.  The  churning  process  thoroughly  breaks  up  the  curd 
clots,  resulting  in  a  smooth,  thick  liquid  which  cannot  be  distinguished 
from  ordinary  good  buttermilk. 

Cooling. — Immediately  after  the  buttermilk  leaves  the  chum,  the 
temperature  should  be  reduced  below  50°  F.  to  prevent  further  de- 
velopment of  acidity.  Ordinary  milk  and  cream  coolers  with  en- 
larged holes  in  the  distributing  receptacle  will  answer  very  satisfac- 
torily. 

Straining  and  Bottling. — After  cooling,  the  buttermilk  should  be 
run  through  a  strainer  consisting  of  one  thickness  of  cheese  cloth  to 
remove  any  unbroken  curd  clots.  As  soon  as  strained  the  buttermilk 
is  bottled  or  put  in  tin  cans  holding  from  one  to  five  gallons,  after 
which  it  is  placed  in  the  refrigerator,  where  it  should  be  held  at  a 
temperature  of  40°  to  45°  F.  until  ready  for  delivery. 

Selling  Price. — The  buttermilk  made  by  us  was  sold  to  drug  stores, 
lunch  counters  and  hotels  at  five  cents  per  quart  in  quart  bottles  and 
at  fifteen  cents  per  gallon  in  tin  cans  holding  from  one  to  five  gallons. 
On  an  average,  fifteen  gallons  were  readily  sold  daily  on  the  local 
market. 

In  the  larger  cities,  buttermilk  sells  at  a  considerably  higher  price 
than  given  above.  Thus,  for  example,  the  writer  found  that  butter- 
milk during  the  past  summer  was  furnished  in  bulk  in  Xorfolk  at 
from  twenty-five  to  thirty  cents  per  gallon.  Considering  both  its  food 
and  tonic  properties,  buttermilk  may  be  considered  cheap  at  ten  cents 
per  quart. 

MARKETING  aKIMMILK-BUTTERMILK  AND  COTTAGE  CHEESE. 

What  is  said  here  with  reference  to  this  subject  is  a  narration  of 
our  own  experience  in  introducing  these  products  in  a  city  where  they 
had  never  been  used  before. 

In  trying  to  sell  skimmilk-buttermilk,  it  is  necessary,  in  the  first 
place,  to  explain  that  this  product  when  made  as  described  above  is 
almost  identical  with  the  highest  grade  of  natural  buttermilk  both  in 
composition  and  physical  properties,  and  therefore  in  palatability  and 
wholesomeness.  Indeed,  it  is  not  thought  possible  under  average  con- 
ditions to  secure  natural  buttermilk  of  as  uniform  a  quality  or  of  as 
fine  a  flavor  as  can  be  obtained  from  skimmilk.    When  these  facts  are 
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explained  to  dealers  and  consumers,  any  prejudice  which  might  exist 
against  this  artificial  product  will  gradually  disappear. 

The  dealers  in  buttermilk  were  each  furnished  with  an  attractive 
display  sign  calling  attention  to  the  fact  that  the  product  was  for  sale  at 
the  particular  place.  Buttermilk  is  not  commonly  found  at  soda  foun- 
tains, and  unless  conspicuous  signs  are  posted  at  these  places  the  pub- 
lic will  not  call  for  it.  We  believe  that  four-fifths  of  the  buttermilk 
sold  by  us  was  due  to  these  signs.  Attention  was  also  called  to  the 
product  through  the  local  press. 

A  similar  arrangement  was  made  with  grocers  in  handling  the  cot- 
tage cheese.  With  small  outlay  for  advertising  in  a  city  where  these 
products  had  never  been  handled,  we  were  soon  able  to  dispose  of  over 
one  hundred  dollars  worth  per  month. 

Dealers  should  keep  the  cottage  cheese  and  buttermilk  in  refrig- 
erators, and  neither  of  the  products  should  be  sold  when  more  than 
two  days  old ;  the  fresher  the  product  the  better. 

SELLING  DIRECT  TO  CONSUMERS. 

It  is  recommended  that  dairymen  supplying  milk  and  cream  to 
cities  undertake  the  manufacture  of  cottage  cheese  and  skimmilk-but- 
termilk,  and  to  sell  these  products  direct  to  consumers.  This  would 
insure  getting  the  products  fresh  to  the  consumer  every  day,  and 
would  not  entail  any  delivery  charges,  since  the  products  would  be  de- 
livered at  the  same  time  as  the  milk  and  cream.  Furthermore,  the 
profits  of  the  middleman  would  be  added  to  those  of  the  dairymen. 
It  is  confidently  believed  that  this  would  be  the  means  of  increasing 
the  returns  from  dairies  from  ten  to  fifty  per  cent.  The  buttermilk 
could  readily  be  disposed  of  at  five  cents  per  quart  and  the  cottage 
cheese  at  from  ten  to  fifteen  cents  per  pound.  Dairymen  who  could 
produce  more  of  these  products  than  could  be  disposed  of  to  consumers 
direct  could  also  supply  them  to  the  various  local  dealers  in  dairy 
products. 

FOOD  VALUE  OF  COTTAGE  CHEESE  AND  SKIMMILK-BUTTERMILK. 

These,  when  made  as  herein  described,  not  only  have  a  high  foo<l 
value,  but  possess  tonic  or  medicinal  qualities  which  are  especiallv 
beneficial  during  warm  weather.  The  food  value  of  cottage  cheese  i? 
approximately  the  same  as  that  of  beefsteak,  pound  for  pound ;  and 
as  for  buttermilk,  two  quarts  of  this  may  be  considered  fully  equal  to 
one  pound  of  beefsteak.  Thus  it  will  be  seen  that  cottage  cheese  at 
fifteen  cents  per  pound  and  buttermilk  at  seven  cents  per  quart  are  no 
more  expensive  than  steak  at  fifteen  cents  per  pound. 
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SERVING  COTTAGE  CHEESE. 

When  the  cheese  is  made  according  to  the  method  given  above,  it 
may  be  served  without  any  further  treatment.  Its  palatability,  how- 
ever, may  be  improved  by  the  addition  of  cream.  Additional  salt  and 
some  pepper  is  also  preferred  by  some.  Others  prefer  adding  sugar 
or  syrup.     Caraway  and  sage  are  also  sometimes  used  to  flavor  the 

cheese. 

MARKETING  ICE-CREAM. 

Hardly  any  attempt  has  yet  been  made  by  cream  producers  living 
within  driving  distance  of  cities  to  convert  their  cream  into  ice-cream 
and  sell  this  product  direct  to  consumers.  This  is  somewhat  surpris- 
ing, since  the  largest  profits  in  the  cream  business  have  hitherto  been 
made  by  what  may  be  called  the  middleman,  the  city  ice-cream  manu- 
facturer. 

It  is  a  vital  matter  with  all  producers  to  reach  consumers  direct 
wherever  this  is  possible.  Dairymen,  for  example,  have  long  recog- 
nized the  fact  that  the  only  way  to  get  fancy  prices  for  butter  is  to 
sell  it  direct  to  consumers.  The  same  course  must  be  pursued  with 
respect  to  cream  to  get  fancy  prices  for  this  product. 

The  essential  thing  in  building  up  a  good  ice-cream  trade  is  to 
make  the  best  product  possible.  The  market  is  glutted  with  cheap, 
inferior  ice-cream,  and  the  call  now  is  for  at  high-grade  product.  For- 
tunately, the  public  is  beginning  to  realize  that  there  is  positive  dan- 
ger in  eating  ice-cream  made  from  stale  milk  or  cream,  and  the  public 
also  seems  to  have  begun  to  understand  that  the  bulk  of  ice-cream  is 
made  with  so-called  thickeners,  like  gelatine,  com  starch,  tapioca, 
arrow  root,  and  others.  Many  of  the  so-called  ice-creams  contain  no 
cream  whatever.  The  highest  quality  of  ice-cream  contains  nothing 
but  pure  cream,  sugar  and  flavoring. 
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CORN  WEEVILS  AND  OTHER  GRAIN  INSECTS. 


Bt  R.  I.  Smith,  Entomologist. 


Like  practically  all  agricultural  products,  com  and  other  grains 
are  subject  to  the  attack  of  numerous  destructive  insects,  some  of 
them  commencing  their  depredations  in  the  ripening  grain  in  the 
fields,  while  others  abide  solely  in  the  bams,  storerooms  or  cribs  where 
the  grain  is  stored.  Farmers  of  North  Carolina  and,  in  fact,  of  all 
the  Southern  States,  expect  a  greater  or  less  number  of  weevils  or 
other  insects  to  be  in  their  granaries  each  spring,  and  consider  it  for- 
tunate when  only  a  few  are  present.  As  a  general  rule,  the  injury 
inflicted  to  the  grain  is  underestimated,  and  the  loss  in  total  weight 
and  feeding  value  is  accq[>ted  as  an  annoying  but  unavoidable  condi- 
tion. 

The  actual  loss  occasioned  by  insects  in  whole  grain  and  the  various 
stock  foods  cannot  be  accurately  estimated ;  the  grain  is  not  only  re- 
duced in  weight  and  consequent  selling  value,  but  is  often  rendered 
wholly  unfit  for  human  food  and  less  valuable  as  food  for  live  stock- 
As  an  example  of  the  extent  of  the  injury  caused  by  grain  insects, 
a  consideration  of  the  value  of  the  grain  crop  will  be  of  interest.  The 
com  crop  for  North  Carolina  in  1908  was  valued  at  $39,631,000  and 
the  wheat  crop  at  $6,078,000,  a  combined  total  of  $45,709,000. 
Since  there  are  no  statistics  to  show  the  actual  annual  injury  caused 
by  insects,  it  may  be  conservatively  estimated  at  five  per  cent,  which 
is  lower  than  the  actual  per  cent  of  damage  reported  for  certain  other 
Southern  States  in  previous  years.  Five  per  cent  of  the  total  is 
$2,285,450,  an  amount  representing  the  possible  annual  damage  by 
grain  insects  to  com  and  wheat  crops  alone  in  North  Carolina. 

The  list  of  really  injurious  species  of  insects  attacking  stored  grain, 
and  the  principal  feed  stuffs  manufactured  therefrom,  number  twenty 
and  upwards,  f  here  are  two  true  weevils  and  at  least  one  dozen  other 
forms  known  as  beetles  in  their  adult  stage,  while  we  find  six  common 
and  injurious  species  whose  parents  are  moths.  Ten  of  the  most  im- 
portant and  conspicuous  of  this  number  are  described  in  the  pag^ 
following.  The  principal  damage  to  whole  grains  is  caused  by  the 
rice  or  black  weevil  and  the  angoumois  grain  moth  or  fly  weevil, 
but  the  others  mentioned  are  frequently  present  in  destructive  num- 
bers. In  eastern  North  Carolina  the  black  weevil  probably  predomi- 
nates, but  in  the  western  section  the  fly  weevil  holds  first  position.  In 
many  localities  these  two  species  and  others  of  less  importance  are 
found  working  together,  sometimes  actually  occurring  in  the  same 
kernels  of  com. 
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For  the  reader  who  is  not  familiar  with  the  grain  insects,  the  illus- 
trations (original  photographs  by  the  author)  and  statements  con- 
cerning the  life-history  of  each  will  help  to  show  the  importance  of 
this  subject.  It  is  not  always  realized  how  rapidly  these  insects — ^the 
true  weevil,  for  example — ^may  increase  in  numbers  under  favorable 
conditions,  nor  is  it  known  by  all  that  grain  may  become  infested  in 
the  field  before  harvest.  With  species  that  produce  only  one  genera- 
tion annually,  it  is  not  realized  how  important  is  the  matter  of  killing 
them  in  the  larval  and  pupal  stages,  an  example  being  the  dark  meal 
worm.  These  and  other  points  given  under  the  discussion  of  each 
species  in  the  following  pages  are  necessary  for  an  intelligent  under- 
standing of  the  grain  insect  problem. 

The  presence  of  insects  in  grains,  meals  and  food  stuffs  is  not  easilv 
prevented,  nor  is  it  an  easy  matter  to  kill  them  after  once  gaining  a 
foothold,  but  certain  preventive  and  remedial  measures  may  be 
adopted  to  avoid  a  portion,  at  least,  of  the  annual  loss.  A  portion  of 
this  bulletin  is  devoted  to  the  discussion  of  the  best  known  and  most 
effective  control  measures.  Attention  is  called  especially  to  the  car- 
bon bisulphide  fumigation  treatment,  as  this  has  for  many  years  been 
principally  recommended  for  destroying  grain  insects.  The  writers 
recent  experiments  show  conclusively  that  fumigation  with  this  sub 
stance  cannot  give  satisfactory  returns  when  employed  under  ordinary 
farm  conditions  where  grain  is  stored  in  cribs  or  rooms  that  cannot  be 
made  sufficiently  tight  to  hold  the  poisonous  fumes  long  enough  to 
kill  weevils. 

The  purpose  of  this  Bulletin  is  partly  to  give  farmers  a  more  accu- 
rate knowledge  of  the  various  grain  pests,  and  to  caution  them  to  use 
preventive  measures  wherever  possible,  and  partly  to  explain  the  limi- 
tations in  the  use  of  carbon  bisulphide  for  fumigation  of  infested 
grain. 

THE  GRAIN  WEEVILS. 

The  popular  name  for  all  insects  working  in  stored  grain  is  weevil ; 
but  restricting  ourselves  to  the  correct  meaning  of  the  term,  there  are 
only  two  true  grain  weevils.  These  are  the  rice  weevil  and  granary 
weevil,  two  closely  related  species,  which  in  the  mature  stage  are 
small  dark-colored  beetles  possessing  a  snout  or  proboscis  about  one 
third  as  long  as  the  body,  and  belong  among  a  group  of  snout  beetles 
that  include  such  familiar  forms  as  strawberry  weevils,  corn  bill-bugs, 
plum  curculio,  acorn  weevils,  and  many  others.  The  grain  pe^^t 
known  to  farmers  as  the  fly  weevil,  a  species  fully  as  destructive  as 
the  true  weevils,  should  be  placed  in  a  different  class,  because  of  the 
mature  form  being  a  small  moth  which  does  no  damage  other  than  to 
lay  eggs ;  and  the  same  may  be  said  of  all  the  grain  pests  that  develop 

Digitized  by  LjOOQIC 


CORN  WEEVILS  AND  OTHER  GRAIN  INSECTS.  7 

into  moths.  The  remaining  grain  insects,  which  are  different  forms 
of  beetles  in  the  mature  stage,  do  not  belong  to  the  group  of  snout 
beetles,  and  are  not  properly  called  weevils. 

The  Kice  Weevil  (Black  Weevil)  (Calandra  oryzce,  Linn). 

The  name  corn  weevil  or  black  weevil  is  usually  applied  to  this 
species,  although  its  original  name  is  rice  weevil,  so  called  because  of 
its  being  first  discovered  in  that  grain.  The  former  names  are  also 
applied  to  a  near  relative,  the  granary  weevil;  hence  we  should  pre- 
serve the  title  rice  weevil  to  make  this  species  distinctive.  India  is 
thought  to  be  its  native  home,  but  the  species  may  now  be  found  in 
nearly  every  grain-producing  country  of  the  world,  and  is  particularly 
abundant  in  the  Southern  States,  but  is  less  numerous  farther  North. 


Fig.  1.— The  Rice  Weevil  or  Black  Weevil;  a.  full-^rown  larvae:  6.  pupa  from  beneath;  e  and  d, 
adults— about  five  times  natural  size. 

Injury  is  caused  by  the  adult  beetles  eating  into  grain  for  food  and 
shelter,  as  well  as  by  the  larvae  that  feed  inside  the  kernels.  Small 
grrains  like  wheat  and  rice  furnish  food  for  only  a  single  larva  in  each 
kernel,  but  in  corn  three  or  four  may  mature.  It  has  been  estimated 
that  one  pair  will,  in  the  course  of  a  year,  produce  over  6,000  de- 
scendants. The  effect  on  the  grain  is  to  reduce  the  weight  materially, 
and  consequently  its  selling  value,  and  renders  the  grain  unfit  for  hu* 
man  consumption. 

DESCRIPTION  AND  LIFE-HISTORY. 

The  mature  weevils  (Fig.  1,  c  and  d)  average  to  measure  about  one- 
sixth  inch,  including  the  snout,  which  is  about  one-third  the  length  of 
the  body.  The  general  appearance  is  dark  reddish-brown,  but  individ- 
uals vary  from  a  light  brown  to  nearly  black ;  the  thorax  presents  a 
network  of  minute  round  punctures;  the  wing  covers  or  first  pair  of 
wings  bear  a  more  or  less  distinct  red  spot  near  the  base  and  tip  of 
each  wing,  while  the  whole  surface  bears  small  punctures  arranged  in 
longitudinal  rows.     Underneath  these,  the  second  pair  of  wings  are 
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membraneous  and  well  developed,  enabling  the  beetles  to  fly  to  fields 
remote  from  the  granaries.  The  snout  bears  a  pair  of  elbowed  an- 
tennae (feelers)  and  terminates  in  strong  biting  jaws. 

The  larva  (Fig.  1,  a)  is  white,  fleshy  and  robust,  possessing  strong, 
homy,  brown  jaws.  Legs  being  unnecessary,  are  not  present.  When 
fully  grown  the  larva  transforms  to  a  pupa  (Fig.  1,  b)  in  its  burrow, 
in  which  stage  it  shows  the  general  size  and  outline  of  the  future 
beetle,  but  is  transparent  and  white  in  color. 

The  eggs  are  small  and  white  and  are  laid  in  minute  punctures 
made  in  the  grain  by  the  jaws  of  the  female  weevil.  The  tiny  larva 
when  just  hatched  cojnmences  at  once  to  gnaw  toward  the  center  or 
makes  a  channel  for  some  distance  just  under  the  skin  of  the  grain. 


Fio.  2.-'The  Rica  Weevil  larva  and  pupa  in  axtu  in  com;  a,  larva;  6,  pupa;  both  enlarged 

five  times. 

The  channel  is  always  filled  with  a  fine  powder,  quite  different  in 
appearance  from  the  pellet-like  excrement  left  by  the  larvae  of  the 
angoumois  grain  moth.  When  nearly  grown  the  larva  provides  for 
the  easy  escape  of  the  mature  weevil  by  leaving  only  a  thin  dcin  over 
the  burrow,  and  then  quietly  transforms  to  a  pupa,  which  in  time 
changes  to  the  mature  weevil. 

Four  or  five  generations  mature  each  year.  At  Raleigh  the  writer 
observed  adult  weevils  laying  eggs  on  ripening  com  in  the  field,  on 
September  12,  1908 ;  he  also  found  a  few  small  lairae.    From  an  ear 
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of  corn  collected  on  this  date  adult  weevils  emerged  on  October  17, 
showing  that  in  this  instance  the  ^gs  must  have  been  laid  early  in 
September,  or  possibly  in  August,  because  it  is  known  that  the  period 
from  egg  to  adult  is  about  six  weeks  in  warm  weather.  In  addition 
to  the  weevils  that  fly  to  the  fields  and  attack  the  ripening  grain,  many 
continue  to  breed  all  summer  in  the  granaries  where  food  is  obtain- 
able, and  whenever  infested  grain  is  kept  until  the  new  crop  is  housed, 
the  weevils  are  furnished  ideal  ccwiditions  for  rapid  development.  It 
is  impossible  to  prevent  grain  from  becoming  infested  in  the  field, 
but  the  farmer  can  see  that  no  weevils  are  present  in  the  barns  or  gran- 
aries when  the  crop  is  housed.  The  practice  of  keeping  com  the  year 
roimd  and  sometimes  putting  new  corn  on  top  of  the  remains  of  the 
previous  year's  crop  cannot  be  too  strongly  condemned. 


#W^/fn^v 


Fig.  8.— Work  of  Rice  Weevils  and  theCadelle  in  two-year-okl  corn. 

Wheat,  oats,  rice  and  other  grains  serve  as  food  for  the  rice  weevil, 
and  may  be  infested  in  the  field  at  about  the  time  the  kernels  are 
ripening.  With  corn  it  has  frequently  been  observed  that  the  ears 
having  a  tight  husk  are  seldom  attacked  by  weevils,  but  we  are  con- 
fronted with  the  fact  that  the  corn  ear-worm  (Alabama  argillacea) 
frequently  makes  entrance  and  exit  holes  through  the  husk  of  the  most 
perfect  ears,  and  by  means  of  these  openings  the  adult  weevils  enter 
ears  that  would  otherwise  be  inaccessible  to  them. 

The  general  discussion  of  preventive  and  remedial  measures  is 
given  on  pages  22  to  27. 

The  Gbanary  Weevil  (Calandra  granaria,  Linn). 

In  general  size,  appearance  and  feeding  habits  the  granary  weevil 
is  ahnost  identical  with  the  rice  weevil.  It  may  be  distinguished, 
however,  by  its  lack  of  membraneous  wings,  consequently  being  unable 
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to  fly,  and  by  the  thorax  being  sparsely  and  longitudinally  punctured. 
It  is  also  generally  somewhat  lighter  in  color  than  the  preceding 
species.  It  requires  only  passing  mention  here,  for  the  rice  weevil 
far  surpasses  it  in  numbers  and  destructiveness  in  the  Southern 
States.  Owing  to  its  lack  of  wings,  the  granary  weevil  remains  in  the 
bam  and  com  cribs;  hence,  where  proper  precautions  are  taken  to 
feed  or  remove  all  infested  com  each  fall  before  the  new  crop  is 
housed,  this  species  can  never  become  abundant  like  the  preceding 
one.  The  granary  weevil  infests  wheat,  com,  barley  and  other  grains, 
but  is  generally  considered  as  a  com  weevil. 

GRAIN  BEETLES  AND  MEAL  WORMS. 

There  are  nearly  a  dozen  species  of  beetles  that  attack  grain,  meal, 
bran,  middlings,  and  many  food  products,  and  often  work  side  by  side 
with  the  true  weevils.  The  cadelle,  which  is  described,  is  nearly 
always  found  in  the  barns  and  grain  rooms  of  the  Southern  States,  and 
several  smaller  species  of  grain  beetles  are  equally  abundant,  but  do 
less  damage  because  of  their  small  size.  The  species  that  the  writer 
has  found  most  abundant  are  the  following: 


Fig.  4.— Dark  Meal  Wonn  and  parent  beetle.    Two  and  one-half  timee  natural  size. 

The  Dark  Meal  Worm  (Tenebrio  obscurus^  Linn). 

This  species,  illustrated  in  Fig.  4,  feeds  mainly  in  meal,  bran  and 
other  stock  feeds,  but  may  be  found  at  times  in  whole  grains,  Thev 
oft^n  become  abundant   in  grain  bins   that   are  not  often  entirelv 
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emptied,  a  good  illustration  having  come  under  the  writer's  observa- 
tion recently,  in  a  bam  at  West  Raleigh  where  hundreds  of  the  beetles 
were  found  during  the  first  and  second  weeks  of  May. 

There  is  only  one  generation  each  year.  The  beetles  normally  ap- 
pear about  the  last  of  April,  in  this  section,  and  soon  deposit  small, 
white,  bean-shaped  eggs  in  whatever  food  is  at  hand.  The  eggs  hatch 
in  two  weeks  into  small  delicate  larvae,  which  increase  rapidly  in  size, 
and  are  said  to  become  fully  grown  in  about  three  months. 

The  worms,  when  grown,  are  darkish  brown  in  color,  with  a  smooth 
waxy  skin,  resembling  a  wireworm.  They  attain  a  length  of  about 
an  inch  and  live  in  this  stage  without  much  change  during  the  winter, 
transforming  in  spring  to  whitish  pupsB  and  eventually  to  mature 
beetles.  These  are  dull  black  in  color  and  average  a  little  less  than 
three-quarters  of  an  inch  in  length.  The  beetles  are  nocturnal  in 
habits,  scampering  rapidly  out  of  sight  when  suddenly  exposed  by  the 
opening  of  a  grain  box. 

The  meal  worms  frequently  breed  in  the  bottom  of  grain  bins  or  in 
comers  where  meal,  flour  or  other  refuse  material  has  accumulated, 
but  as  they  develop  only  one  generation  a  year,  thorough  cleaning- 
out  of  all  infested  material  during  July  or  August,  after  the  eggs  are 
laid,  will  suffice  to  control  them. 

The  Yellow  Meal  Worm  (Tenebrio  molitor,  Linn). 

Differing  from  the  preceding  species  in  color,  but  not  much  in  size 
or  habits,  the  yellow  meal  worm  is  frequently  found  in  stock  foods, 
flour  mills,  bakeries,  feed  rooms  and  similar  places.  The  worms  are 
yellow,  shading  to  darker  toward  each  end  and  near  the  articulation 
of  each  joint,  but  in  other  respects  do  not  differ  from  the  dark  meal 
worm.  The  adult  beetles  of  this  species  are  blackish  and  shining, 
instead  of  dull  black,  and  have  certain  other  points  of  difference,  but 
their  habits  are  the  same  as  the  parents  of  the  dark  meal  worm. 

The  Cadelle  (Tenebriodes  mauritanicus,  Linn). 

A  widely  distributed  species  occurring  in  all  manner  of  prepared 
food  products,  as  well  as  in  grain,  meal  and  other  stock  foods,  is  illus- 
trated in  Fig.  5.  The  larvae  was  given  the  name  "cadelle"  in  France 
many  years  ago,  when  it  was  classed  as  a  meal  worm,  and  in  recent 
years  some  authorities  have  claimed  that  this  species  is  predaceous 
and  carnivorous  rather  than  granivorous,  but  the  writer  has  observed 
that  it  possesses  both  habits.  Chittenden  states  that  he  has  proved  it 
to  be  both  a  feeder  on  grain  and  other  insects.  Consequently  the 
cadelle  represents  an  insect  that  is  both  beneficial  and  injurious.  In 
old  com  it  is  particularly  destructive,  and  in  my  opinion  the  injury 
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caused  is  greater  than  its  beneficial  work  by  destroying  other  grain 
insects.  It  is  not  uncommon  to  find  cadelle  larvae  feeding  in  grain 
from  which  weevils  have  emerged. 

The  parent  beetle  (Fig.  5)  is  elongate,  flattened,  and  nearly  black, 
measuring  about  one-third  of  an  inch  in  lengtL  The  larva  (Fig.  .5 1 
measures  nearly  three-fourths  of  an  inch  when  fully  grown,  its  general 
coloring  being  whitish,  with  the  head  and  anal  segments  dark  brown, 
and  the  three  thoracic  segments  marked  with  brown.  The  body  i> 
fleshy  and  tapers  gradually  toward  the  head. 


Fio.  6.— The  Cadalle;  f  uU-ffrown  larvae  twice  natural  size;  parent  beetle  seven 
times  natural  size. 

Both  the  larva  and  adult  feed  in  the  grain,  frequently  changing 
their  positions,  perhaps  in  search  of  weevil  larvae,  but  most  assuredly 
they  cause  much  injury  and  should  be  dealt  with  like  any  other  grain 
insect 

Only  one  generation  is  produced  annually,  which  is  very  fortunate, 
as  otherwise  the  species  might  prove  one  of  our  worst  grain  insects. 
Recent  experiments  by  the  writer  have  shown  that  the  beetles  are  more 
diflScult  to  kill  by  fumigation  with  carbon  bisulphide  than  the  adult 
com  weevil,  although  the  larvae  are  quite  readily  destroyed  by  this 
treatment. 
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The  Saw-tooth  Grain  Beetle  (Silvanns  surinamensis,  Linn). 

This  is  one  of  the  smallest,  but  most  common^  of  the  insects  attack- 
ing grain  and  nearly  all  food  stuffs.  Its  small  size  enables  it  to  pene- 
trate the  smallest  cracks,  and  its  taste  for  all  kinds  of  food  causes  it 
to  be  found  in  granaries,  storerooms,  groceries,  pantries  and  bakeries, 
even  feeding  on  red  pepper.  As  a  grain  pest  this  species  does  not  actu- 
ally devour  enough  to  render  its  presence  a  source  of  great  loss,  but  it 
is  nevertheless  a  great  nuisance,  and  infested  food  stuffs  may  be  ren- 
dered unfit  for  consumption.  Both  the  larvse  and  adults  have  the 
habit  of  eating  holes  in  paper  bags  in  search  of  food. 

The  mature  beetle  (Fig.  6,  6)  is  only  about  one-tenth  inch  in 
length,  much  flattened  and  chocolate-brown  in  color.  The  thorax 
bears  six  minute  points  or  teeth  on  each  side,  which  may  be  seen  in 
the  illustration. 

The  larva  (Fig.  6,  a)  is  a  slender  white  worm  with  darker  mark- 
ings, and  is  very  active,  moving  frequently  from  one  place  to  another. 


Fig.  <(.— The  Saw-tooth  Grain  Beetle;  a,  nearly  ffrown  larvae;  b.  parent  beetles— 
both  ffreatly  enlarged. 

There  are  said  to  be  six  or  seven  generations  annually,  the  entire 
life  cycle  being  covered  in  twenty-four  days  in  midsummer. 

The  writer's  experiments  have  shown  that  these  beetles  are  killed 
by  carbon  bisulphide  fumes  a  little  more  easily  than  are  the  corn 
weevils  or  other  grain  beetles  mentioned  above. 

GRAIN  AND  MEAL  MOTHS. 

We  now  come  to  grain  insects  of  which  the  parents  are  moths,  and 
among  them  are  found  some  very  destructive  species.  Only  one,  the 
larvfiB  of  the  angoumois  grain  moth,  develops  entirely  in  the  kernels 
of  grain,  either  wheat,  com,  barley  or  other  cereals,  while  the  remain- 
der have  the  habit  of  passing  from  one  grain  to  another,  marking  their 
progress  by  a  silken  tube  or  web,  or  working  their  way  through  meal, 
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bran  or  whatever  material  they  occur  in,  transforming  the  same  into 
a  worthless  webby  mass.  Owing  to  this  habit  the  meal  worms  cause 
damage  all  out  of  proportion  to  the  amount  of  food  they  actually  con- 
sume. 

In  point  of  importance  the  angoumois  grain  moth  should  stand  next 
to  the  rice  weevil — in  some  localities,  in  fact,  greatly  outstripping  it  in 
numbers. 

The  Angoumois  Grain  Moth  (Fly  Weevil) 
(Sitotroga  cerealella,  01.). 

The  Southern  farmer  generally  applies  the  term  "fly  weevil"  to  this 
species  to  distinguish  it  from  the  rice  or  black  weevil,  but  the  term  is 
hardly  appropriate,  because  the  adult  flying  moth  is  simply  the  parent 
form  of  the  worm  that  feeds  in  the  grain.     This  species  does  not 


Fig.  7.— Showing  the  work  of  the  Anffoomois  Grain  Moth,  aa  often  seen  in  October— 
aliffhtly  enlarged. 

attack  meal  or  food  products,  but  lives  in  the  whole  grain,  a  single 
•kernel  of  com  often  furnishing  food  for  two  or  three  larvse.  The 
characteristic  appearance  of  an  infested  ear  of  corn,  as  sometimes 
found  in  the  field  during  October  or  November,  is  shown  in  Fig.  7. 
Fig.  8  shows  an  ear  from  which  several  generations  of  moths  have 
emerged,  such  specimens  being  frequently  found  in  two-year-old  com. 
The  moths  are  seen  in  Fig.  9,  the  male  always  being  of  smaller 
size.     In  color  they  are  light  grayish-brown,  with  lines  of  black,  and 
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Fig.  8.— Ear  of  corn  from  which  several  arenemtiona  of  the  Angoumois  Grain  Moth  have 
emerared— slightly  reduced. 
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measure  across  the  expanded  fore  wings  a  little  over  one-half  inch. 
The  front  wings  bear  a  fringe  of  long  hairs  on  the  anal  edge,  and  the 
hind  wings  bear  a  continuous  border  of  the  same.  The  moths  are  very 
delicate,  easily  crushed  and  readily  killed  by  poisonous  fumes. 


a  b  e 

Fig.  9.— The  Ansoamois  Gxsia  Moth;  a,  female;  6,  male;  e,  male  with  winss  expanded— 
all  two  and  one-half  tfanes  natural  size. 

The  larva  (Fig.  10,  6)  is  white,  distinctly  segmented  and  attains  a 
length  of  about  one-quarter  of  an  inch.  The  jaws  are  brown  and 
homy.  When  grown  the  larva  transforms  to  a  light-brown  pupa  (Fig. 
10,  c)  in  its  feeding  place,  but  provides  beforehand  for  the  escape  of 
the  adult  by  leaving  over  its  burrow  only  a  thin  skin  of  the  grain, 
through  which  the  moth  easily  manages  to  escape. 


abb  c 

Fig.  10.— The  AnsoumoiB  Grain  Moth;  a,  natural  appearance  of  infested  kernel;  6,  lau-re 
in  natural  position;  e,  pupa,  same— all  two  and  one-half  times  natural  size. 

The  ^gs,  deposited  singly  or  in  clusters,  are  at  first  white,  but  soon 
turn  reddish  and  hatch  in  four  to  ten  days,  depending  on  the  tempera- 
ture. Each  female  lays  from  sixty  to  ninety  e^s.  The  larva  when 
hatched  is  active  and  soon  penetrates  the  grain,  leaving  an  almost 
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invisible  opening.  In  about  three  weeks  the  larva  is  fully  grown  and 
transforms  to  the  pupa  stage.  Both  larva  and  pupa  are  shown  in  situ 
in  Fig.  10  in  partially  opening  kernels  of  com. 

During  the  year  five  or  six  generations  of  moths  may  be  produced. 
Farmers  commonly  remark  that  grain  becomes  infested  in  spring 
when  large  numbers  of  moths  are  seen  flying  in  the  granaries — thus 
gaining  for  them  the  name  "fly  weevil" ;  but  in  reality  the  grain  is 
generally  first  infested  in  the  field.  At  West  Ealeigh  the  writer 
found,  in  1908,  that  many  moths  had  matured  and  escaped  from 
ripening  com  in  the  field  on  September  10.  Two  days  later  an  ear  of 
com  was  taken  and  placed  in  a  glass  jar,  and  by  September  27 
thirty-four  moths  had  emerged.  From  this  it  is  seen  that  the  first 
brood  in  the  field  must  mature  here  as  early  as  the  beginning  of  Sep- 
tember, and  it  may  be  that  the  writer  missed  the  first  brood.  In  any 
event  there  must  be  two  full  broods  and  probably  three  during  the 
summer  and  fall,  the  winter  being  passed  in  the  larval  stage.  In 
spring  the  moths  commence  to  emerge  in  April,  and  earlier  in  the 
warmer  sections  of  the  South,  and  succeeding  generations  may  mature 
about  every  six  weeks. 

Grain  in  the  field  is  evidently  not  infested  until  nearly  grown,  or 
in  such  condition  that  the  first  moths  mature  about  when  the  grain  is 
ripening.  It  is  certainly  a  bad  practice  to  leave  com  cut  and  stacked 
in  the  field  during  the  fall  months,  for  in  such  condition  more  ears 
are  exposed  to  egg  deposition  than  would  be  if  the  com  were  stored 
in  the  grain  cribs.  The  moths  will  not  be  present  in  the  granaries 
during  the  fall  months  if  proper  precautions  have  been  taken  to  get 
rid  of  all  infested  grain  of  the  previous  year's  growth. 

The  Indian  Meal  Moth  {Plodia  interpunctella,  Hbn.). 

This  species  is  not  a  serious  grain  pest,  but  the  writer  has  reared 
a  considerable  number  of  the  moths  from  com  infested  principally 
with  the  angoumois  grain  moth.  The  usual  food  of  the  Indian  meal 
moth  larva  is  said  to  be  dried  fruit,  seeds,  nuts,  roots  and  condiments 
as  well  as  meal  and  grain  products. 

The  parent  moth  is  shown  in  Fig.  11.  The  fore  \yings  expand  a 
little  over  one-half  inch,  and  may  be  described  as  having  the  inner 
third  dirty  whitish-gray,  and  the  outer  two-thirds  reddish-brown. 
The  hind  wings  are  of  a  uniform  light-gray  color  bordered  with  a 
fringe  of  hairs.  When  seen  in  houses  they  are  frequently  mistaken 
for  clothes  moths. 

The  larva  or  caterpillar  reaches  a  size  of  about  three-eighths  of  an 
inch,  and  unlike  the  species  just  mentioned,  does  not  live  in  a  single 
kernel  of  grain.  On  the  other  hand,  they  pass  from  one  place  to  an- 
other^ spinning  large  quantities  of  silk  and  fastening  the  particles  of 
food  together.    It  is  claimed  that  they  have  a  special  fondness  for  the 
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embryo  of  wheat,  one  caterpillar  often  ruining  dozens  of  kernels  for 
seed  or  food  purposes.  The  entire  life  cycle  may  be  passed,  from  egg 
to  adult,  in  five  weeks  in  warm  weather ;  hence  several  generations  a 
year  may  be  expected. 


Fig.  11.— The  Indiui  MeAl  Moth,  enlarged  two  and  one-half  times. 

The  parent  moths  are  easily  killed  by  poisonous  fumes  and  the 
larvse  are  more  easily  killed  than  those  of  the  angoumois  grain  moth 
or  corn  weevil,  which  live  entirely  within  the  grain. 

The  Mediterranean  Flour  Moth  (Ephestia  kuehniella,  ZeH). 

As  a  pest  in  stored  grain  this  species  is  of  slight  importance,  but  it 
has  no  equal  in  destructiveness  in  flour  mills,  and  in  the  absence  of 
its  favorite  food,  such  as  flour  or  meal,  it  will  attack  grain  and  flour- 
ishes on  bran  and  cereal  foods.  The  writer  has  bred  this  species  from 
cotton-seed  meal.  The  history  of  this  insect  commenced  in  1877, 
when  it  was  discovered  in  a  flour  mill  in  (Jermany  and  later  invaded 
Belgium  and  Holland.  In  1892  it  was  reported  as  occurring  in  mills 
in  Canada  and  during  1895  in  New  York  and  Pennsylvania. 

The  moth  is  described  as  having  a  wing  expanse  of  a  little  less  than 
an  inch,  the  fore  wings  being  blackish-gray  with  transverse  Uack 
markings,  the  hind  wings  being  dirty  whitish  color. 

The  larval  stage  is  really  a  caterpillar  that  reaches  a  length  of  one- 
half  inch  and  is  pink  in  color.  Its  full  growth  is  attained  in  about 
forty  days,  after  which  it  changes  to  a  reddish-brown  pupa  in  a  silken 
cocoon. 

The  caterpillars  have  the  habit  of  spinning  silken  tubes  wherever 
they  travel,  feeding  from  the  mouth  of  the  tube,  and  it  is  this  habit 
that  renders  them  so  injurious.  Infested  flour  or  meal  become* 
matted  together  and  lumpy,  clogging  the  machinery  in  mills  and  ren- 
dering the  material  in  which  they  feed  unfit  for  human  consumption. 
\yhen  such  infested  material  is  discovered  it  should  be  destroyed  im- 
mediately, and  wherever  mills  are  found  infested,  prompt  measures 
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should  be  taken  to  exclude  the  pest  by  destruction  of  the  insects  in 
infested  material,  by  thorough  cleaning  and  by  fumigation.  After- 
ward, a  strict  inspection  and  quarantine  should  be  established  to  pre- 
vent the  entrance  of  infested  material.  Farmers  need  not  fear  this 
pest,  but  millers  should  be  on  the  lookout  for  its  appearance. 

The  Meal  Snout  Moth  (Pyralis  farinalis,  Linn). 

This  is  a  larger  and  in  many  respects  more  conspicuous  species 
than  the  ones  already  described.  The  writer's  attention  was  attracted 
to  this  insect  in  March,  1909,  by  finding  himdreds  of  the  worms  and 
pupsB  in  grain  bins  in  one  of  the  Experiment  Station  buildings.  These 
bins  had  been  in  use  for  a  number  of  years,  and  it  seems  that  they 
have  not  often  been  entirely  emptied,  and  it  is  just  that  condition, 


Fio.  12.— The  Meal  Snout  Moth,  enlarged  two  and  one-fourth  times. 

where  the  bottom  of  grain  bins  are  never  reached,  that  induces  the 
rapid  increase  of  all  kinds  of  meal  worms.  The  infestation  thus 
found  furnished  good  material  for  a  fumigation  experiment,  which 
Anil  be  mentioned,  and  for  securing  specimens  in  all  stages. 

The  parent  moths  are  illustrated  in  Fig.  12  nearly  two  and  one- 
half  times  natural  size.  They  measured  across  the  expanded  wings 
from  seven-eighths  to  one  and  one-eighth  inches,  and  are  considerably 
larger  than  described  by  most  writers.  The  females  are  always  larger 
than  the  males.  The  coloring  is  light  or  dark  brown  with  reddish 
reflections,  and  the  wings  are  crossed  by  wavy  white  lines.  The  moths 
are  nocturnal  in  their  habits  and  fly  quickly  when  disturbed. 

The  caterpillars  are  rather  slender  and  average  to  measure  one  inch 
in  length ;  the  head  is  shiny  brown ;  the  first  thoracic  segment  and  the 
anal  segments  are  distinctly  orange-yellow  in  color.  In  Fig.  13,  a,  is 
^hown  its  general  appearance.     Its  feeding  habits  are  somewhat  like 
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the  preceding  species,  a  delicate  silken  tube  being  spun  as  it  feeds. 
The  feeding  tube  (Fig.  14)  taken  from  a  bin  of  bran,  and  showing  the 


Fig.  18.— The  Meal  Snout  Moth;  a,  Urv»;  b,  eoeoon;  e,  pupa  in  an  opened  coooob— 
all  two  and  one-fourth  ttmes  natural  aise. 

adhering  particles,  is  constructed  out  of  sticky,  silken  threads  which 
are  always  covered  with  whatever  food  the  worms  are  working  in, 
whether  it  be  meal,  bran,  whole  wheat  or  other  grain. 


Fio.  14.— Feeding  Tube  made  in  bran  by  the  larva  of  the  Meal  Snout  Moth— aUffhtly  reduced. 

The  pupa  stage  is  assumed  in  a  tough  silken  cocoon  covered  vrith 
particles  of  food,  as  illustrated  at  Fig.  13,  b,  an  open  cocoon  being 
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shown  at  c.  The  pupa  is  light  reddish-brown  and  of  the  form 
illustrated.  Fig.  15  shows  a  small  section  of  a  bran  bin  covered  with 
meal-worm  cocoons,  which  were  equally  numerous  on  all  sides. 

Concerning  the  life-histpry,  this  species  passes  the  cold  months  in 
the  larval  stage,  and  at  West  Raleigh  the  first  moths  emerged  this 
year  on  April  20.  Three  or  four  generations  annually  are  credited 
to  this  insect 

As  a  grain  pest  the  meal  snout  moth  is  not  of  great  importance. 
Among  its  various  foods  may  be  mentioned  hay,  straw,  seeds,  dried 
plants,  all  grains  and  the  products  made  therefrom,  and  masses  of 


Fig.  I5b— Showing  cocoons  of  the  Meal  Snout  Moth  on  the  aide  of  a  flrrain  bin  in  which 

bran  was  kept. 

refuse  vegetable  matter,  such  as  potatoes.  Evidently  this  insect  flour- 
ishes best  in  moist  surroundings  and  is  not  liable  to  thrive  in  material 
stored  in  a  dry,  clean  place. 

As  remedial  measures  the  destruction  of  infested  material  and 
cleaning-out  of  places  where  the  worms  are  discovered  are  by  far  the 
best.  Fumigation  with  carbon  bisulphide  might  be  effective  against 
the  caterpillars  in  a  perfectly  tight  box  or  bin,  but  it  is  doubtful  if 
the  pupa  in  their  cocoons  can  be  killed  by  any  ordinary  strength.  In 
the  bran  bin  in  which  the  worms  were  discovered  (see  Fig.  15),  as 
already  mentioned,  carbon  bisulphide  was  used  this  year  at  the  rate 

Digitized  by  LjOOy  It; 


22  N.  C.  AGRICULTURAL  EXPERIMENT  STATION. 

of  five,  ten,  fifteen  and  twenty  pounds,  respectively,  per  thousand 

cubic  feet,  on  April  7,  10,  14,  and  15,  and  after  the  fourth  treatment 

some  of  the  pupae  were  alive  and  have  since  transformed  to  moths. 

This  bin  was  apparently  air-tight  except  for  a  crack  on  the  hinged  edge 

of  the  cover.    The  details  of  the  experiment  need  not  be  discussed  here, 

except  to  explain  that  the  first  and  second  treatments  killed  only  a 

small  per  cent  of  worms,  the  third  killed  nearly  all,  and  the  fourth 

would  have  been  considered  a  perfect  treatment  had  not  a  few  moths 

issued  later. 

PARASITES  AND  PREDACEOUS  ENEMIES. 

Nature  provides  in  the  form  of  parasites  a  means  for  preventing 
the  unlimited  increase  of  nearly  all  injurious  insects.  Even  the  larval 
stages  of  insects  in  grain  are  killed  frequently  by  these  beneficial 
parasites,  which  are  small  black  flies  in  the  adult  stage.  Two  or  three 
species  of  chalcis  flies  have  been  bred  from  the  lan^ae  of  com  weevils 
and  the  angoumois  grain  moth.  The  other  grain  moths  and  meal 
worms  are  known  to  have  parasitic  enemies  whose  work  in  the  aggre- 
gate is  a  considerable  help  toward  controlling  grain  insects.  It  is  not 
uncommon  to  find  lan'se  and  pupae  of  the  angoumois  grain  moth  that 
have  been  killed  by  parasites.  Farmers  can  easily  verify  these  state- 
ments by  enclosing  some  weevil-infested  grain  in  a  glass  jar  and  ob- 
serve the  minute  black  flies  that  emerge. 

Among  the  predaceous  enemies  may  be  mentioned  mites,  spider?, 
insects  of  nocturnal  habits,  birds  and  bats. 

The  mites  are  diminutive,  white,  spider-like  animals,  that  prey 
on  many  species  of  grain  insects.  Spiders  occurring  in  the  granaries 
and  mills  spin  webs  that  entrap  many  of  the  grain  moths,  while  bats 
hover  around  the  grain  bins  and  bams  for  the  purpose  of  feeding  on 
the  moths.  The  cadelle,  already  mentioned,  feeds  on  other  grain 
insects,  and  probably  does  considerable  good  in  this  respect,  but  its 
presence  is  not  desirable,  as  it  also  does  much  injury. 

GENERAL  CONTROL  MEASURES. 

These  may  be  either  preventive  or  remedial,  or  a  combination  of 
both,  as  it  might  properly  be  termed,  when  such  measures  are  taken 
as  tend  to  kill  the  adult  parent  forms,  which,  in  many  cases,  do  no 
damage  aside  from  laying  eggs  for  another  generation.  Under  the 
head  of  preventive  measures,  several  things  may  be  mentioned,  but  no 
one  alone  will  solve  the  problem,  and  the  following  discussion  is  given 
mainly  as  a  suggestion  based  on  the  known  habits  of  these  insects. 
Fumigation  with  carbon  bisulphide  has  in  the  past  been  the  chief 
remedy,  and  is  yet  to  a  certain  extent,  but  the  reader  is  requested  to 
note  the  results  of  recent  experiments  that  show  how  difficult  it  is  to 
confine  the  poisonous  fumes  in  ordinary-  granaries  long  enough  to  kill 
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the  various  insects  that  may  be  present.  The  old  adage  "an  ounce  of 
prevention  is  worth  a  pound  of  cure"  is  just  as  applicable  in  this  con- 
nection as  it  is  in  troubles  of  other  nature. 

PREVENTIVE  MEASURES. 

Grain  first  becomes  infested  through  one  of  two  sources:  (1)  the 
insects  may  attack  the  ripening  grain  in  the  field,  and  (2)  the  insect 
may  live  continuously  in  bams  and  granaries  ready  to  commence 
work  in  the  newly  harvested  crop.  The  second  source  of  infestation 
is  more  easily  prevented  than  the  first. 

Field  Infestation. — Some  species  like  the  rice  weevil,  angoumois 
grain  moth,  saw-tooth  grain  beetle  and  a  few  other  small  grain  beetles 
are  usually  found  in  ripening  grain,  particularly  corn.  As  a  gen- 
eral rule,  grain  is  partially  matured,  or  at  least  nearly  grown,  before 
it  is  attacked  by  insects,  which  of  course  come  from  the  places  in 
which  the  grain  is  stored  during  the  winter.  As  it  cannot  be  hoped 
to  kill  all  the  insects  in  stored  grains  and  thus  prevent  their  going  to 
the  fields,  an  effort  must  be  made  to  prevent  them  from  getting  back 
again  in  the  new  grain.  Small  cereals  like  wheat  and  rye  should  be 
threshed  as  soon  as  dry  enough,  as  that  process  will  kill  many  of  the 
adult  insects  and  dislodge  the  eggs.  The  adult  angoumois  grain 
moth  is  easily  crushed  and  the  threshing  and  handling  of  the  grain 
destroys  many  of  them.  After  it  is  threshed  the  grain  should  be 
stored  in  tight  bins  or  in  sacks,  the  latter  being  preferable,  because 
the  moths  that  mature  will  die  without  escaping.  Whenever  the 
grain,  if  infested,  can  be  fumigated  in  practically  air-tight  boxes  or 
receptacles,  carbon  bisulphide  should  be  used  when  the  grain  is  first 
housed.  The  practice  of  storing  grain  in  large  bulk  is  to  be  com- 
mended, as  a  protection  from  weevils  or  grain  moths,  for  then  only 
the  surface  layers  are  exposed.  This  is  in  direct  accord  with  the 
recommendation  that  grain  should  not  be  cut  and  stacked  in  the  field 
for  several  months.  Such  practice  tends  to  allow  the  insects  to  infest 
all  the  grain  more  readilv  than  if  the  same  were  stored  in  a  large 
bulk. 

Concerning  com  particularly,  the  tight  husk  oflFers  much  protec- 
tion, and  in  the  field  the  angoumois  grain  moth  or  rice  weevil  would 
bo  excluded  almost  completely  from  ears  with  a  husk  fitting  tightly 
over  the  end,  were  it  not  for  the  com  ear-worm,  which  frequently 
makes  entrance  and  exit  holes,  that  furnish  easy  entrance  for  the 
grain  moths  or  beetles.  However,  the  presence  of  the  ear-worm  is  an 
argument  in  favor  of  housing  the  grain  as  early  as  practicable.  The 
longer  it  is  left  in  the  field  the  greater  will  be  the  number  of  ears 
infested.  Of  course,  if  the  farmer  does  not  see  that  the  barns  and 
granaries  are  free  from  insects  when  the  grain  is  stored,  the  extent 
of  the  field  infestation  is  of  less  importance. 
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Cleanliness. — The  ideal  place  to  store  grain  is  in  a  special  build- 
ing separated  from  the  bams,  but  when  grain  must  be  stored  in  the 
latter  place  all  old  infested  grain  should  be  used  before  the  new  crop 
is  housed,  and  precautions  should  be  taken  to  guard  against  leaving 
heaps  of  waste  com,  or  other  material  in  which  the  grain  insects  may 
be  feeding.  The  writer  has  known  many  farmers  to  place  new  com 
on  top  of  a  few  bushels  of  old  com  literally  being  devoured  by  the 
weevils  and  other  insects.  Farmers  will  also  often  boast  that  their 
bins  or  cribs  are  never  emptied.  This  practice  cannot  be  too  stronglv 
condemned. 

Storing  Com  in  the  Hush. — It  has  often  been  observed  that  un- 
husked  com  is  less  liable  to  weevil  injury,  and  this  is  true  with  varie- 


FiG.  16.— Two-year-old  Com  showinir  protection  from  weevils  afforded  bj  a  tirht-fittinff 
husk— about  one-half  natural  sise. 

ties  that  have  a  tight-fitting  husk,  when  not  too  badly  injured  by  the 
ear-worm.  In  Fig.  16  is  shown  an  ear  of  com  two  years  old  which 
was  taken  from  the  same  lot  as  the  one  shown  in  Fig.  3.  It  is  seen 
from  this  cut  how  the  tightly  fitting  husk  acted  as  a  protection.  In 
the  same  lot,  however,  the  ears  on  which  the  husk  was  loose  were  all 
badly  injured.  When  it  is  considered  that  com  is  nearly  always  first 
infested  in  the  field,  the  value  of  storing  unhusked  com  seems  some- 
what doubtful. 

Moth  Traps, — All  the  grain  moths  are  nocturnal  in  habits  and  may 
be  attracted  to  lights.  By  placing  in  the  com  cribs  wide  shallow  pans 
containing  a  little  kerosene,  with  a  lantern  suspended  just  above  or 
set  in  the  middle,  hundreds  of  moths  may  be  trapped.  They  will  fly 
to  the  light  and  fall  into  the  pan,  and  even  if  they  escape  again  the 
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kerosene  will  kill  them.  These  traps  may  be  used  in  the  spring  when 
the  angoumois  grain  moth  commences  to  emerge,  or  at  any  other  time 
when  they  are  abundant. 

Repellents, — Various  substances  have  been  tried  for  sprinkling 
over  grain  in  storage  to  repel  the  parent  insects,  but  few  are  of  practi- 
cal value.  Salt,  air-slaked  lime  or  powdered  sulphur  are  said  to  be 
employed  with  some  success.  Naphthalene  flakes  act  as  a  powerful 
repellent,  but  its  use  is  objectionable,  and  the  same  is  more  or  less 
true  of  the  other  substances  named. 

FUMIGATION    TREATMENT. 

The  destruction  of  insects  in  stored  grains  or  cereal  products,  by 
poisonous  fumes,  has  been  recommended  by  so  many  writers  that 
many  people  have  come  to  the  conclusion  that  the  treatment  must  be 
perfectly  reliable ;  but  experience  would  teach  otherwise.  Carbon  bi- 
sulphide is  the  chief  dependence,  but  other  substances,  such  as  benzine, 
naphtha,  carbon  tetrachloride,  burning  sulphur  fumes  and  hydro- 
cyanic acid  gas,  have  been  suggested.  The  last  named  is  a  deadly 
poison,  and  if  used  for  fumigating  in  a  perfectly  air-tight  space 
would  be  certain  death  to  all  grain  insects.  It  is  too  dangerous,  how- 
ever, to  be  recommended  for  general  use. 

Sulphur  Fumes, — The  fumes  of  burning  sulphur,  chemically 
known  as  sulphur  dioxide,  have  long  been  known  as  a  powerful  fumi- 
gant  and  disinfectant,  and  have  been  used  successfully  for  destroying 
rats  and  other  animals.  For  several  years  it  has  been  recognized 
that  sidphur  fumes  would  kill  insects.  During  the  past  fifteen 
months  the  writer  has  made  many  experiments  to  see  if  this  knowl- 
edge could  not  be  made  use  of  in  killing  grain  pests.  The  results 
proved  conclusively  that  sulphur  fumes  will  kill  grain  insects,  not 
only  the  adult  forms,  but  the  larvae  and  pupse  of  the  rice  weevil  and 
angoumois  grain  moth  as  well;  but"  the  germinating  power  of  the 
grain  so  treated  is  destroyed  or  much  weakened!  It  was  found  that 
the  fumes  produced  by  burning  two  and  one-half  pounds  of  sulphur 
either  in  a  moist  or  dry  atmosphere  of  one  thousand  cubic  feet  space, 
for  twenty  hours,  would  kill  all  exposed  adult  insects  and  practically 
all  the  young  stages  in  the  grain,  but  that  this  also  destroyed  its 
g:erminating  power.  In  making  these  experiments  the  sulphur  was 
placed  in  a  metal  dish,  one  side  of  the  pile  wet  with  alcohol,  which 
was  sufficient  to  start  the  sulphur  burning  by  simply  applying  a 
match. 

While  this  treatment  cannot  be  recommended  for  general  fumiga- 
tion, there  is  no  doubt  of  its  being  the  easiest  and  cheapest  method 
of  fumigating  corn  cribs,  granaries  and  similar  places  whenever  they 
are  being  cleaned  out  and  freed  of  insects  in  preparation  for  the  re- 
ception of  more  grain.    The  amount  stated  above  will  kill  all  insects 
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if  the  space  is  made  practically  air-tight,  but  if  the  fumes  escape 
through  cracks  the  amount  necessary  for  successful  fumigation  can- 
not be  estimated,  and  the  same  statement  would  be  true  of  any  poi- 
sonous gas. 

Carbon  Bisulphide  TreatmerU. — Carbon  bisulphide  is  a  heavy, 
clear,  foul-smelling  liquid,  which  evaporates  rapidly  when  exposed 
in  shallow  dishes.  The  vapor  is  a  deadly  poison  when  confined  in 
sufficient  quantity,  and  has  been  extensively  used  for  killing  all  kinds 
of  insects  in  stored  grain,  cereal  products,  or  other  material.  The 
amount  required  is  claimed  by  excellent  authorities  to  be  only  one 
pound  in  1,000  cubic  feet  of  space,  provided  there  is  no  escape  of  the 
poisonous  vapor  for  about  twenty-four  hours.  This  means  ideal 
fumigating  conditions,  which  cannot  be  secured  under  ordinary  cir- 
cumstances. The  question  therefore  becomes,  what  amount  of  carbon 
bisulphide  must  be  used  to  overcome  the  loss  due  to  leakage?  The 
writer  has  recently  conducted  numerous  experiments,  all  of  them 
showing  that  the  diffusibility  of  carbon  bisulphide  fumes  is  greater 
than  generally  supposed,  and  that  fumigation  of  com,  for  instance, 
in  a  well  made,  apparently  tight  grain  bin,  may  not  result  in  killing 
weevils  unless  twenty  or  more  times  the  usually  recommended  amount 
be  used. 

The  vapor  of  carbon  bisulphide  is  2.64  times  heavier  than  air,  so 
that  it  settles  rapidly  if  exposed  on  the  top  of  grain  or  whatever  is 
being  fumigated.  This  fact  has  led  many  people  to  suppose  that  it 
can  be  used  successfully  in  any  space  with  air-tight  sides  and  bottom, 
provided  the  top  is  covered  to  exclude  currents  of  air,  and  that  under 
these  conditions  the  heavy  vapor  would  not  escape.  It  does,  however, 
diffuse  in  the  same  manner  as  other  gases,  although  not  as  rapidly  bs 
those  of  less  specific  gravity,  and  recent  experiments  have  shown  that 
if  there  is  any  chance  of  leakage  from  the  top,  the  expected  results 
will  not  be  obtained.  Where  will  we  find  a  farmer's  grain  box,  com 
crib,  or  storeroom  that  can  be  made  air-tight  without  prohibitive 
trouble  and  expense  ?  Not  in  North  Carolina  or  any  other  fanning 
district ! 

One  writer  has  made  the  statement  that,  "one  pound  of  carbon 
bisulphide  poured  over  one  hundred  bushels  of  com  will  kill  all  the 
insects  even  in  open  cribs,"  and  farmers  are  constantly  being  advised 
to  fumigate  with  two  or  three  pounds  to  one  thousand  cubic  feet  of 
space,  in  fairly  tight  rooms. 

RESULTS  OF  EXPERIMENTS. 

The  adult  grain  moths  are  killed  by  the  vapor  from  a  small  quan- 
tity of  carbon  bisulphide,  but  the  grain  beetles  require  a  much  greater 
strength,  and  it  is  even  more  difficult  to  kill  the  yoimg  stages,  larra 
and  pupa,  of  the  rice  weevil  and  angoumois  grain  moth,  in  their  bur- 
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rows.  The  writer  has  made  numerous  experiments  with  grain  insects 
in  all  stages,  using  a  practically  air-tight  fumigating  room,  one  hav- 
ing a  padded  refrigerator  style  door  and  the  inside  walls  covered 
with  asbestos.  In  this  it  was  found  that  three  pounds  of  carbon 
bisulphide  to  one  thousand  cubic  feet,  fumigating  for  twenty-one 
hours,  killed  practically  all  adult  insects,  but  not  over  seventy  per 
cent  of  the  larvae  and  pupce  of  the  angoumois  grain  moth  or  rice 
weevil. 

For  an  experiment  corresponding  to  farm  conditions  a  grain  box 
of  about  forty  cubic  feet  capacity  was  used;  the  sides  were  made  of 
matched  boards  and  the  floor  of  concrete ;  the  top  edges  were  covered 
with  sacks  and  the  hinged  cover  nailed  down  on  three  sides  when 
fumigation  commenced.  The  bin  was  about  one-third  full  of  bran. 
Carbon  bisulphide  was  used  by  exposing  it  in  shallow  dishes  near  the 
cover,  tests  being  made  with  ten,  fifteen  and  twenty  pounds,  respec- 
tively, to  one  thousand  cubic  feet  space,  for  twenty-four  to  twenty- 
six  hours.  Larva,  pupse  and  adults  of  both  rice  weevil  and  angoumois 
p-ain  moth  and  adult  cadelle  beetles  were  used  in  each  test.  It  was 
found  that  the  greatest  strength  used  did  not  kill  all  the  insects  twelve 
inches  below  the  cover,  and  the  average  result  was  not  equal  to  that 
obtained  by  using  three  pounds  for  twenty-one  hours  in  the  tight  f umi- 
jrating  room,  already  described.  In  view  of  these  results,  the  writer 
is  forced  to  conclude  that  carbon  bisulphide,  at  any  reasonable 
>trength,  cannot  be  successfully  used  for  fumigating  grain  in  ordi- 
nary com  cribs,  grain  boxes  or  storerooms. 

Small  quantities  of  infested  grain  can  be  fumigated  in  absolutely 
tight  boxes  or  barrels  by  using  about  one  ounce  to  three  bushels.  The 
top  must  be  rendered  air-tight,  not  simply  covered  with  blankets  or 
•  anvas.     Fumigation  should  continue  for  about  twenty-four  hours. 

Caution, — The  vapor  of  carbon  bisulphide  is  inflammable  and  ex- 
plosive, hence  those  who  use  it  must  be  certain  that  no  lighted  lan- 
terns or  fire  of  any  kind  be  brought  around  where  fumigation  is 
l)eing  made.  Any  supply  on  hand  should  be  kept  securely  sealed  and 
placed  in  a  ventilated  room.  As  a  further  precaution  it  may  be 
marked  "Inflammable." 

The  purchase  price  is  about  thirty  to  thirty-five  cents  a  pound  from 
retail  druggists,  but  as  low  as  eight  or  ten  cents  per  pound  when 
ordered  from  the  manufacturers,  who  make  a  commercial  grade  espe- 
ni\\\y  for  fumigating  purposes. 
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SOME  FACTORS  INVOLVED  IN  SUCCESSFUL 
CORN  GROWING. 


By  C.  B.  WnxiAMS,  Dibectos. 


Information  concerning  proper  methods  of  selecting  seed  of  different 
farm  crops  is  of  vital  importance  to  farmers,  for  the  same  thought  and 
effort  put  into  few  other  operations  of  the  farm  bring  such  good  &iancial 
returns.  A  few  hours  spent  in  intelligent  field  selection  of  seed  of  com 
each  year  may  be  expected  to  lead  to  an  annual  increase  of  two  to  five 
bushels  more  per  acre  from  these  seed  than  from  those  selected  by  the 
ordinary  methods. 

In  consideration  of  the  promise  in  this  neglected  field  of  work  in 
North  Carolina,  and  that  over  f orly-seven  per  cent  of  all  land  cultivated 
in  the  State  is  devoted  to  com,  with  the  use  of  something  like  450,000 
bushels  of  seed  com  and  a  small  average  annual  yield  of  13.4  bushels  of 
shelled  com  per  acre,  the  Experiment  Station  six  years  ago  began  experi- 
ments to  determine  the  relative  value  of  different  varieties  of  com  as 
producers  of  shelled  com  per  acre.  During  the  time  covered  by  these 
trials  many  cases  in  which  one  or  more  varieties  have  produced  from  five 
to  ten  bushels  more  per  acre  than  other  varieties  have  been  observed. 
Conjointly  with  these  experiments,  seed  selection  work  has  been  carried 
on  with  the  hope  of  ascertaining  much  practical  information,  the  appli- 
cation of  -^hich  by  farmers  would  lead  to  materially  increased  yields  of 
this  cereal. 

It  should  be  borne  in  mind,  in  the  beginning,  that  the  underlying  prin- 
ciples of  plant  and  animal  improvement  are  almost  identical,  and  that 
similar  methods  to  those  which  have  been  adopted  in  the  improvement  of 
the  various  breeds  of  live  stock  must  be  followed  by  those  who  wish  to 
grow  plants  of  increasing  productiveness.  It  must  also  be  remembered 
that  as  intelligent  feeding  and  good  ^are  stand  to  animal  breeding,  so  do 
proper  fertilisation  and  thorough  cultivation  of  the  soil  stand  to  plant 
breeding  or  improvement ;  for  if  proper  food  and  care  are  not  furnished 
both  plants  and  animals,  improved  breeding  will  not  only  be  impossible, 
but  retrogression  inevitable.  With  the  same  thought  and  care,  results 
are  secured  much  quicker  with  plants  than  with  animals,  as  a  completed 
growth  is  obtained  in  one  year  with  most  plants,  while  with  animals  it 
requires  several  years  to  secure  complete  knowledge  of  what  one  has 
obtained  by  a  certain  cross.  ' 

STARTING  WORK. 

The  method  that  is  being  followed  by  the  Station  is  to  conduct  com- 
parative tests  of  all  the  known  varieties  of  promise  grown  and  offered 
for  sale  in  this  and  nearby  States  through  a  sufficient  number  of  years 
to  secure  average  weather  conditions. 
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With  the  variety  or  varieties  demonstrated  by  these  tests  to  be  the 
most  prolific  of  shelled  com  per  acre,  field  seed  selection  for  further 
improvement  was  begun  and  systematically  continued;  having  upper- 
most in  mind,  in  selecting  seed,  total  yield  per  acre.  By  this  means  it 
has  been  observed  that  the  yielding  power  of  a  variety  may  be  greatly  in- 
creased within  a  few  years. 


(1)  (2)  (8)  (4) 

Fio.  l.-Type  Ears  of  Varieties:   (1)  Sharber's;  (2)  Jackson's  Whiteeap  ProUAc;  (8)  Hkkonr  Kisr 
(Virginia);  and  (4)  McAuley's  White  Dent. 

TESTING  VARIETIES. 

The  testing  of  varieties  of  all  agricultural  crops  is  of  the  most  funda- 
mental importance,  as  is  evidenced  by  the  diflFerences  in  yield  of  differ^nr 
varieties  grown  side  by  side  in  the  same  field,  on  the  same  type  of  soil 
with  identical  cultivation  and  fertilization;  these  differences  being  dut^ 
largely  to  the  inherent  qualities  of  the  seed  of  the  individual  varieties 
which  have  been  transmitted  from  parent  to  progeny. 

During  the  past  six  years  on  the  Station  farm  something  over  seventy- 
five  varieties  of  com  have  been  studied  in  comparative  field  tests.  Tb 
number  of  varieties  in  the  different  tests  have  ranged  all  the  way  fn»r 
nineteen  in  1903  to  sixty-eight  in  1908.  The  different  testa  of  varictit- 
were  conducted  as  nearly  under  the  same  conditions  of  soil,  fertilizati^i 
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and  cultivation  as  it  was  possible  to  provide.  To  eliminate  inequalities 
in  the  character  of  the  land,  if  any,  the  varieties  were  planted  each  in 
separate  rows,  arranged  consecutively,  and  this  plan  was  repeated  from 
three  to  five  times,  varying  with  the  length  of  the  rows,  in  order  to  give 
the  desired  acreage  to  each  variety.  By  taking  these  precautions  the 
results  obtained  should  be  reliable  and  highly  valuable. 

WHAT  18  A  VARIETY? 

A  variety  is  supposed  to  represent  a  class  of  plants  with  one  or  more 
distinguishing  characteristics,  but  with  a  cereal  like  corn,  which  mixes 


(5)  (6)  (7)  (8) 

Fig.  2.— Type  Elars  of  Varieties:  (6)  Cocke's  ProUflc:  (6)  Weekley's  Improved;  (7)  Shellem'a  Prolific;  and 

(8)  Wilson's  Success. 


SO  freely  that  variety  does  not  mean  much  unless  proper  precautions 
have  been  exercised  in  its  growth. 

Take  some  variety  of  corn — say  Cocke's  Prolific — that  has  been  bred 
carefully  and  intelligently  for  about  an  hundred  years  for  high  yield  of 
shelled  com  per  stalk,  and  grow  it  continuously  in  or  adjacent  to  a  field 
of  inferior  corn,  and  in  a  very  short  time,  especially  if  proper  seed 
selection  is  not  practiced,  it  will  give  much  smaller  yields  when  grown 
under  the  same  conditions  than  the  original  pure-bred  corn ;  this  being 

3 
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due  to  the  fact  that  you  no  longer  have  pure  Cocke's  Prolific,  but  a 
mixture  of  scrub  and  Cocke's  Prolific  com.  This  fact  emphasizes  the 
importance  of  securing  seed  from  reliable  parties. 

EARLY  MATURING  VARIETIES. 

Learning  Yellow,  Iowa  Silvermine,  Riley's  Favorite,  Reid's  Yellow 
Dent,  Boone  County  White,  Boone  County  Special  and  Pool's  are  seven 
of  the  earliest  varieties  in  maturing  that  have  thus  far  been  studied  at 
the  Station  farm.  These,  with  the  exception  of  PooPs,  which  is  from 
the  upper  Piedmont  section  of  this  State,  were  all  originated  and  brought 


(»)  (10)  (11)  (12) 

Fig.  3.~Type  Ears  of  Varieties:  (9)  Dodaon's  Prolific  Shoepeff;  (10)  Culpepper's  Extra  Prolific;  (11) 

Binrs'  Seven-ear:  and  (12)  Brake's. 

for  the  tests  from  the  Western  Central  States,  where  they  have  been 
accustomed  to  a  comparatively  short  growing  season,  which  accounts 
largely  for  their  inherent  tendency  to  early  maturity  when  grown  under 
NortljL  Carolina  conditions.  Earliness,  however,  is  not  considered  an 
important  requisite  with  corn  for  this  climate,  except,  possibly,  where 
it  is  grown  in  the  mountainous  section  of  the  State,  or  where  com,  of 
necessity,  has  to  be  planted  late,  after  the  maturity  of  some  truck  crop, 
like  Irish  potatoes.  Under  these  circumstances  it  may  be  well  to  use 
one  of  the  varieties  mentioned  above,  especially  if  experience  has  taught 
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the  farmer  that  local  varieties  do  not  thoroughly  mature  before  frost. 
Under  ^N'orth  Carolina  conditions  of  climate  and  soil  these  varieties  will 
usually  mature  from  planting  in  one  hundred  to  one  hundred  and  ten 
davs 

MEDIUM   MATURING  VARIETIES. 

Hickory  King,  Biggs'  Seven-ear,  Cocke's  Prolific,  Wyatrt's  Improved 
Yellow,  MacMackin's  GU>urdseed,  Peele's  Prolific  and  Farmers'  Favorite 
mature  at  a  medium  date  in  the  fall,  and  some  of  these  are  the  best 
yielders  grown  in  the  State.  All  these  will  usually  mature  on  the  dif- 
ferent types  of  soil  of  North  Carolina  east  of  the  mountains  in  one  hun- 
dred  and  ten  to  one  hundred  and  twenty  days. 


(IS) 
Fio.  4.'Trp«  Ears  of  VarletiM: 


(14)  (16) 

(18)  Wintenw':  (14)  Kriinming«r's  Improrwi; 
(16)  FariMn'  Fayorite. 


(W) 
(15)  OaboriM;  i 


LATE  MATURING  VARIETIES. 


It  has  been  found  that  Oourdseed,  Hastings'  Prolific,  Mosby's  Prolific, 
Brake's,  Harris'  Improved,  Williams',  Osborne,  Horsetooth,  Holt's 
Strawberry,  Sanders'  Improved,  Fredonia's  Pride,  Latham's  Improved, 
Weekley's  Improved,  Marlboro  Prolific,  Henry  Grady,  Bagley's  Im- 
proved, Cleckler's  Improved,  Cooper's  Improved,  Jarvis'  Improved,  Fry's 
Improved  and  Sharber's,  in  about  the  order  named,  are  some  of  the  lat- 
est maturing  varieties  tested  during  the  past  four  or  five  years.     These 
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varieties  are  vigorous  growers  and  generally  produce  large,  tall  stalks, 
and  many  of  them  have  evidently  been  bred  to  produce  one  large  ear 
per  stalk.  In  this  climate  they  will  mature  usually  in  one  hundred  and 
twenty  to  one  hundred  and  thirty-five  days. 

VARIETIES  ADAPTED  TO  EASTERN  OR  COASTAL  SECTION. 

For  the  sandy  and  fine  sandy  loam  soils  of  the  eastenj  and  south- 
eastern portions  of  the  State,  Cocke's  Prolific,  Biggs'  Seven-ear,  Week- 
ley's  Improved,  Sanders'  Improved,  Hickory  King,  Holt's  Strawberry, 


(17)  (18)  (19)  (20) 

—Fig.  5.— Type  Ears  of  Varieties:  (17)  Harris'  Improved:  (18)  Whelchel's  Dent;  (19)  Cooper's 

Improved;  and  (20)  Peele's  Prolific 

American  Queen,  Bagley's  Improved,  Brake's,  Cooper's  Improved,  Jar- 
vis'  Improved  and  Latham's  Improved  are  recommended  as  good  varie- 
ties for  planting,  if  pure  seed  are  secured.  Of  these  varieties  Biggs' 
Seven-ear,  Weekley's  Improved,  Cocke's  Prolific  and  Sanders'  Improved, 
in  the  order  named,  are  the  most  prolific.  Bagley's  Improved,  Jarvis' 
Improved  and  Brake's  possess  the  largest  ears. 

VARIETIES  ADAPTED  TO  PIEDMONT  SECTION. 

It  has  been  found  from  a  testing  of  a  large  number  of  varieties  during 
the  past  six  years  that  Biggs'  S^ven-ear,  Sanders'  Improved,  Weekley's 
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Improved,  Cocke's  Prolific,  Marlboro  Prolific,  American  Queen,  Brake's, 
Holt's  Strawberry,  Southern  Beauty,  Bagley's  Improved,  Farmers'  Fa- 
vorite, Boone  County  White,  Hickory  Eing  and  Horsetooth  are  the  larg- 
est yielders  of  shelled  com  per  acre  of  aU  the  varieties  thus  far  tested 
for  elevations  below  about  2,500  feet.  These  are  all  white-eared  varie- 
ties, with  the  exception  of  Holt's  Strawberry,  and  are  medium  to  medium 
late  in  maturity.  It  will  be  observed  that  many  of  these  are  the  leading 
varieties  recommended  for  the  eastern  portion  of  the  State,  but  the  order 
as  yielders  of  the  varieties  is  somewhat  changed. 
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mh'              ^1 
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1 1  j-  .    j^ 

W'-'       m 
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^^^VC^^^v^^^^^^^^^^^l 

^^^^^^^S^hI 

*'v  •'»^9B 

■|wB|@||^H 

I^IH^H 

^^^^H 

(a)  (22)  (28)  (24) 

Pia.  C— Trp«  Bars  of  VarietiM:  (21)  Goodman's  Prolific;  (22)  Columbian  Beauty:  (28)  Jones'  White: 

and  (24)  Wriffht's  Improred. 

VARIETIES  ADAPTED  TO  MOUNTAIN  SECTION. 

For  those  portions  of  the  transmontane  region  elevated  more  than 
2,500  feet  above  sea  level,  and  which  are  devoted  to  the  growth  of  corn, 
Boone  County  White,  Leaming  Yellow,  MacMackin's  (Jourdseed,  Eiley's 
Favorite,  Iowa  Silvermine  and  Reid's  Yellow  Dent  are  suggested  as 
varieties  of  dent  com  which  may  be  grown  to  good  advantage.  For 
those  mountain  plateaus  elevated  about  2,800  to  3,000  feet  and  which 
have  quite  cool  nights  it  will  be  found  that  the  flint  types  of  corn  will 
do  well. 
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NORTHERN  VERSUS  SOUTHERN  VARIETIES. 


As  pointed  out  elsewhere  in  this  Bulletin,  the  best  of  the  northern- 
grown  varieties  of  com  have  not  proven  to  be  the  heaviest  yielders  for 
the  cismontane  portions  of  North  Carolina.  Neither  have  varieties  com- 
ing from  the  far  South  yielded  as  well  as  the  best  of  those  seed  which 
have  come  from  nearer  home.  In  the  Station  tests,  Biggs'  Seven-€ar,  a 
North  Carolina  originated  variety,  has  as  an  average  of  three  years' 
results,  produced  2.4  bushels  more  of  shelled  com  per  acre  than  has 
Beid's  Yellow  Dent,  originated  in  Illinois,  and  4.2  bushels  more  than 


(25) 


(26) 


(27)  (28) 

FlO.  7. -Type  Ears  of  Varieties:  (26)  Cleveland's  Pure  White;  (26)  Fredonia's  Pride;  (27)  Thomas' 
Improved;  and  (28)  Horsetooth. 

Mosby's  Prolific,  bred  in  southern  Mississippi.  Southern  com  generally 
produces  a  larger  and  taller  stalk,  and  bears  the  ears  at  a  greater  height, 
than  do  those  varieties  brought  from  higher  elevations  and  latitudes. 
The  northern  varieties,  on  the  other  hand,  produce  a  larger  ear  in  pro- 
portion to  the  size  of  the  stalk  than  do  Southern  varieties,  as  is  shown 
by  the  results  contained  in  Table  I.  It  will  also  be  noted  from  these 
data  that  the  percentage  the  ear  is  of  total  plant  of  both  Southern  and 
Northern  varieties  increases,  with  only  four  exceptions,  as  the  yields  are 
made  better.  The  average  percentage  of  ear  of  total  dry  plant,  as  an 
average  of  four  years'  tests,  is,  for  the  five  Southern  varieties,  40.9  per 
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cent,  and  for  the  five  Northern  varieties,  49.1  per  cent.  With  the  average 
yield  of  the  Northern  corns,  being  0.7  bushels  less  per  acre,  they  have 
produced  8.2  per  cent  more  ear  to  total  plant  than  did  the  varieties  from 
the  South. 

FACTORS  AFFECTING  PERIOD  OF  MATURITY. 

With  com  as  vfiih  other  plants,  the  number  of  days  required  for  the 
growth  of  the  plants  from  thiB  sprouting  of  the  seed  to  full  maturity  is 
governed,  within  narrow  limits,  by  variety,  soil,  season,  elevation,  fertili- 
zation, date  of  planting  and  source  of  seed.  Of  the  varieties  grown  in 
different  portions  of  North  Carolina,  it  usually  requires  from  one  hun- 


(29)  (80)  (81)  (82) 

Fio.  8.-Typ«  Ears  of  Varieties:  (2»)  Leamins  Yellow;  (80)  Kansas  Sanflower:  (81)  Jones'  Yellow 
Dent:  and  (82)  Hildreth's  Yellow  Dent. 

dred  to  one  hundred  and  forty  days  to  make  a  completed  growth  from 
planting. 

Effect  of  Variety. — In  the  study  of  varieties  of  com  during  the  past 
few  years  many  instances  of  differences  in  earliness  in  maturity  of 
varieties,  originated  under  the  same  conditions  and  sometimes  by  the 
same  grower,  have  come  under  the  observation  of  the  writer.  To  some 
extent  the  originator  or  improver  of  a  variety  may  select  seed  in  such  a 
manner  as  to  have  the  Variety  within  a  few  years  mature  at  either  an 
early,  medium  or  late  date.     Jarvis'  Improved,  which  was  originated 
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in  the  Bame  section  as  Sharber's  com,  matured,  during  the  past  two 
years,  on  an  average,  at  the  Station  farm,  four  and  one-half  days  earlier 
than  the  latter,  when  both  were  grown  under  identical  conditions  of  soil, 
fertilization  and  cultivation.  In  the  variety  tests  during  1903,  1904, 
1905, 1906, 1907  and  1908,  as  seen  by  Tables  11  and  m,  Boone  County 
White  averaged  four  days  later  in  maturing  than  did  Riley's  Favorite, 
originated  in  Indiana  by  the  same  grower.  In  comparing  varieties  from 
different  sections  of  the  country  and  originated  on  different  soils,  as 
great  differences  as  twenty  days  have  been  found  in  date  of  maturity, 
but  other  factors  than  variety  enter  here  to  make  these  differences. 


(88)  (84)  (86) 

Fio.  9.— Type  E^ara  of  Varieties:  (88)  Jarvis'  Improved;  (84)  Henry  Grady;  and  (86)  Fry*s  Improved. 

Ejfect  of  Soil, — Other  things  being  equal,  soils  made  up  of  sand,  par- 
tially or  totally,  when  well  drained,  warm  up  much  earlier  in  the  spring 
than  do  soils  containing  much  clay,  because  of  their  low  specific  heat. 
Soils  which  are  open  in  their  nature  and  normally  contain  small  per- 
centages of  water  may  be  plowed  and  planted  to  crops  much  earlier  in 
the  spring  than  those  of  a  more  compact  nature  and  which  possess  a 
much  higher  content  of  moisture.  Generally,  the  darker  the  phase  of 
the  soil  and  the  less  moisture  it  contains,  the  earlier  it  will  warm  in 
spring  and  the  quicker  crops  will  start  growth  when  put  out  on  it. 
Crops  grown  on  soils  of  a  sandy  or  sandy  loam  character  will  usually 
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mature  several  days  earlier  than  when  planted  on  clay  soils.  Ordinarily, 
crops  planted  on  coarse  sandy  soils  require  a  less  number  of  days  to 
mature  than  when  grown  upon  clay  soils. 

Efect  of  Season. — ^With  all  soils,  the  drier  the  season  the  earlier, 
within  narrow  limits,  the  com  is  forced  to  maturity.  Cool  weather 
towards  the  latter  part  of  the  growth  of  the  plant,  especially  if  accom- 
panied by  dryness,  will  tend  to  hasten  maturity,  while  warm,  seasonable 
weather  during  the  early  stages  of  maturity  will  prolong  the  date  of 
ripening. 

The  seasonal  effect  upon  maturity  of  com  is  strikingly  brought  out 
by  the  average  results  of  ten  varieties  given  at  the  bottom  of  Table  U. 
It  will  be  observed  from  these  data  that  the  varieties  required  on  Jtat 
average  to  mature  6ight  more  days  in  1903  and  four  and  one-half  daj»ia 
1904  than  in  1906,  and  seven  more  days  in  1907  than  in  1905,  when  tife 
date  of  planting  did  not  differ  more  than  five  days  between  1903,  Ittft 
and  1906,  and  between  1905  and  1907. 

During  an  ordinary  season  the  moisture  condition  of  the  soil  is  a  ^t/fy 
potent  factor  in  determining  not  only  the  amount  and  rapidity  of  grow^ 
but  also  in  influencing  to  a  certain  extent  the  length  of  time  reqiufti 
by  crops  to  complete  their  development 

Effect  of  Elevation, — In  going  from  the  seacoast  to  the  mountains  & 
is  observed  that  the  awakening  season  grows  later,  and  generally  dto 
growing  period  of  plants  is  gradually  shortened  as  the  elevation  aboifft 
sea  level  increases.  The  retardation  of  plant  growth  due  to  this  caiMB 
is  usually  between  one-half  and  one  day  per  hundred  feet  of  asoeiil; 
hence  the  opening  season  at  Jefferson,  NoTih  Carolina,  will  usually  ke 
between  fourteen  and  twenty-eight  days  later  than  at  Beaufort,  Noi^ 
Carolina,  as  there  is  about  2,800  feet  difference  in  the  elevation  of  ihtm 
two  towns.  Other  factors  than  elevation,  such  as  soil  and  rainfall,  m^y 
enter  in  to  make  a  difference  in  the  beginning  and  length  of  period  ^ 
growth  of  various  crops  in  different  localities. 

Effect  of  Latitude, — ^In  a  general  way  it  may  be  assumed,  other  condi- 
tions remaining  the  same,  that  going  north  or  south  of  a  given  locality 
one  d^ree  (approximately  70  miles)  will  make  a  difference  in  the  open- 
ing of  the  season  of  three  to  four  days,  while  going  east  or  west  of  a 
given  locality,  without  change  of  rainfall,  soil  type  or  elevation,  will 
produce  but  little  difference.  Qoing  south,  it  will  be  found  that  the 
season  is  earlier,  while  going  north  there  will  be  noticed  a  delay  in  the 
awakening  of  all  v^^tation. 

From  what  has  been  said  above,  it  will  be  seen  that  increasing  the  lati- 
tude (going  north)  by  one  degree,  other  conditions  being  equfd,  retards 
the  opening  of  the  season  by  approximately  the  same  length  of  time  as 
an  increase  in  elevation  of  300  to  400  feet.  This  is  largely  the  reason 
why  the  section  around  Jefferson,  North  Carolina,  and  other  localities 
of  a  like  altitude  have  a  similar  climate  and  grow  about  the  same  kind 
of  crops  as  are  produced  in  central  !N*ew  York,  which  is  about  seven 
degrees  farther  north.  It  will  be  noticed,  in  going  from  Beaufort  to  Jef- 
ferson, this  State,  a  distance  of  about  300  miles,  due  largdy  to  a  differ- 
ence in  elevation,  that  about  the  same  retardation  in  the  starting  of  plant 
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growth  in  the  spring  is  observed  as  would  be  in  going  from  Beaufort  to 
central  N^ew  York,  a  distance  of  something  like  550  miles.  In  going 
south  it  is  usually  found  that  the  season  is  generally  earlier  by  three  to 
four  days  for  each  degree  of  decrease  in  latitude  or  reduction  of  300  to 
400  feet  in  elevation.  For  reasons  given  above,  it  has  been  observed 
that  seed  brought  from  Northern  States  or  from  the  higher  mountain 
regions,  when  sown  in  central  or  eastern  If orth  Carolina,  grow  more 
rapidly  and  the  plants  from  them  mature  at  an  earlier  date  than  do  those 


(86)  (87)  (88)  (89) 

FlO.  10.-TSrp€  Ears  of  V«rieti«s:  (86)  Wyatt's  Improved  Yellow;  (87)  Hutinffs'  Prolific;  (88)  Marl- 
boro  Prolific:  and  (89)  Cocke's  Prolific  (Tennessee). 

from  seed  which  are  native  to  the  warmer  and  lower  portions  of  the 
State  and  of  the  South.  It  has  been  found,  as  shown  in  Table  I,  as  an 
average  of  the  results  of  five  years'  field  experiments  with  five  leading 
Southern  and  an  equal  number  of  ITorthwestem  varieties  of  com,  that 
the  seed  from  Illinois,  Indiana  and  Ohio  developed  more  rapidly  than 
did  the  Southern-grown  varieties.  The  average  date  of  tasseling  and 
maturity  of  those,  seed  of  which  came  from  the  Northwest,  were  twelve 
days  for  tasseling  and  eleven  days  for  maturity  earlier  than  for  the 
Southern  varieties,  when  all  were  planted  at  the  same  date,  on  the  same 
type  of  soil,  at  the  Station  farm,  and  received  identical  fertilization  and 
cultivation.  Varieties  from  the  Northwest  seem  not  only  to  be  more 
precocious,  but  to  su£Fer  most  from  the  effects  of  dry  weather,  as  is  shown 
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in  Table  I^  by  tbeir  average  for  1903,  being  four  bushels  less  than  the 
average  of  the  yield  of  the  five  Southern  corns.  At  the  Station  farm 
during  the  first  part  of  August  of  this  year  the  drought  did  considerable 
damage  to  all  crops,  but  seems  to  have  affected  most  severely  those  varie- 
ties brought  from  higher  latitudes,  as  the  differences  of  the  averages  of 
yields  of  the  years  1904,  1905,  1906  and  1907  did  not  exceed  one-half 
bushel  for  the  varieties  taken  together  from  the  two  different  sections. 
The  entire  crop  during  the  season  of  1907  was  greatly  reduced  in  yield 
as  the  result  of  drought,  but  was  much  more  favorable  to  the  earlier- 
maturing  varieties,  as  a  good  rain  fell  just  before  the  tasseUng  of  these 
]!Torthwestem  varieties.  It  was  quite  dry  before,  during  and  after  the 
tasselin^  stage  of  the  Southern  varieties.  It  has  been  found  in  study* 
ing  varieties  that  usually  those  maturing  latest  are  the  ones  seed  of 
which  have  been  brought  into  North  Carolina  from  States  located  to  Aa 
south  of  us.  Those  varieties  originated  farther  south  than  34  d( 
north  latitude  have  not  been  found  generally  to  be  among  the  best  yii 
for  the  State.    Many  of  them,  especially  those  from  the  more 


Southern  localities  and  those  of  the  one-ear  type,  have  shown  up  pocBfy 
in  the  Station  tests.  Most  of  the  late-maturing  varieties  originated  wifli^ 
in  North.  Carolina  have  come  from  the  eastern  half  of  the  State. 

It  might  be  stated  in  this  connection  that  when  varieties  of  com 
the  Northern  and  Northwestern  States  are  brought  to  the  eastern 
Piedmont  sections  of  North  Carolina  and  grown  for  a  number  of  ^ 
the  period  required  for  their  development  is  gradually  lengthened  as  tihv 
become  more  and  more  acclimatized.  As  an  illustration  of  this  faoi  n 
has  been  found  that  Boone  County  White  com  acclimatized  to  Tenneaiai 
has  required  3.6  days  more  to  complete  its  growth  at  the  Station  fftOMU 
as  an  average  of  three  years'  tests,  than  seed  of  the  same  variety  secaMl 
from  the  originator  in  Indiana.  With  varieties  brought  from  the  mst^ 
treme  South  the  reverse  takes  place,  as  the  time  necessary  to  complalo 
their  growth  is  gradually  shortened  during  the  period  of  acclimatization* 
Varieties  taken  from  the  Coastal  Plain  to  the  mountains  behave  alwwit 
the  same  as  varieties  brought  from  the  South  into  the  State,  while  i 
taken  from  higher  altitudes  and  carried  towards  the  coast  conduct  i 
selves  quite  similar  to  those  seed  of  which  have  come  from  higher  lat- 
itudes. 

Effect  of  Fertilization. — Fertilization  of  com  and  other  crops,  either 
with  ordinary  applications  of  commercial  fertilizer  or  barnyard  manure, 
has  been  found  to  hasten  the  maturity  of  the  plants  on  poor  upland  soils. 
In  the  variety  test  last  year,  embracing  a  study  of  sixty-eight  varieties, 
it  was  found  that  the  com  in  the  sets  receiving  a  liberal  application  of 
cow  manure  and  fertilizer  tasseled  three  days  earlier  than  did  the  sanae 
varieties  in  other  sets  which  received  300  pounds  per  acre  of  a  fertilizer 
mixture  analyzing  7  per  cent  available  phosphoric  acid,  3  per  cent  nitro- 
gen and  1.5  per  cent  potash.  With  all  these  varieties  there  were  but  two 
(Brake's  and  Hickory  King)  which  were  exceptions  to  the  general  aver- 
age and  matured  later  on  the  highly  manured  plats.  Even  in  the  case 
of  these  the  differences  were  quite  small.  It  has  also  been  observed  that* 
as  the  whole  plant  development  is  accelerated,  the  period  between  tassel- 
ing  and  maturity  is  shortened.    Also,  in  the  regular  fertilizer  plata  it 
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has  been  obsenred  for  Bome  years  that  the  com  on  those  plats  which  were 
unfertilized  tasseled  and  matured  at  a  somewhat  later  date  than  did  the 
com  on  plats  in  the  same  series  receiving  an  application  of  commercial 
fertilizer  and  worked  in  the  same  way. 

E-ffect  of  Date  of  Planting. — ^Late-planted  com  will  usually  reach  the 
tasseling  stage  in  a  much  shorter  time  than  that  which  was  planted  early. 
From  a  study  of  the  averages  given  at  the  bottom  of  Table  II  it  will 
be  seen  that  the  ten  varieties,  results  from  which  averages  were  taken, 
when  planted  during  1903,  1904  and  1906,  at  about  the  same  date — ^the 
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(40)  (41)  (42)  .         (48) 

Fio.  IL— Type  Ears  of  Varieties:  (40)  Hickory  King  (Tennessee) ;  (41)  American  Que 
(42)  Parker's  Cocke's  Prolific:  and  (43)  Bradbury's  Improved. 


average  of  the  three  years  being  May  2 — they  required  for  these  years 
an  average  of  10.8  days  longer  to  arrive  at  the  tasseling  stage  than  it  did 
for  them  in  1908,  when  the  planting  was  delayed  until  June  9.  Dur- 
ing 1905  and  1907,  with  plantings  made  on  Ifay  19  and  14,  respect- 
ively, the  varieties  prolonged  their  growth  between  planting  and  tassel- 
ing 7.3  days  beyond  that  required  for  the  same  development  in  1908. 
The  number  of  days  required  to  mature  seems  to  be  slightly  decreased 
by  late  planting.  In  1905,  as  shown  by  the  results  in  Table  II,  the 
length  of  the  period  required  to  bring  all  the  varieties  to  maturity  was 
shorter  than  in  any  of  the  other  years  used  in  the  study.     This  seems  to 
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have  been  due  largely,  if  not  entirely,  to  the  eflFects  of  cold  east  winds 
prevailing  during  August  of  this  year,  and  which  brought  all  the  varie- 
ties to  premature  maturity. 

SOME  LARGELY  CONTROLLABLE  FACTORS  AFFECTING  YIELD. 

To  secure  large  yields  in  any  locality  it  is  essential  that  good  seed,  a 
productive  soil  and  proper  tillage  be  supplied.  By  the  neglect  of  any 
one  of  these  factors  it  is  absolutely  impossible  to  secure  a  maximum 
yield,  as  this  is  determined,  not  by  the  most  favorable  factors,  but  by 
those  essential  ones  present  in  the  least-suited  form  for  normal  plant 
growth,  just  as  the  strength  of  a  chain  is  gauged,  not  by  its  strongest, 
but  by  its  weakest  link.  Some  of  the  controllable  factors  involved  in 
these  three  essentials  will  be  discussed  below.  That  portion  of  ov.fQb- 
ject  pertaining  to  the  soil,  its  fertilization  and  cultivation  will  be  T 
for  a  subsequent  bulletin,  and  will  be  taken  up  in  discussing  the  ] 
fertilizer  experiments  which  have  been  conducted  on  the  Static 
during  the  past  few  years.  Only  those  phases  of  the  subject  _ 
to  seed  will  be  touched  on  which  are  not  discussed  elsewhere 
Bulletin.  The  farmer  who  gets  most  out  of,  or  the  one  who  su 
from  imcontroUable  factors,  such  as  lack  of  sufficient  temjierat 
rainfall,  is  the-  one  who  regulates  the  controllable  factors  moB^:^ 
ligently.  , 

Earliness  in  Maturity. — Except  for  the  more  elevated  portionij 
mountain  region,  or  under  circumstances  in  the  other  portions  < 
Carolina  necessitating  late  planting,  those  varieties  of  com 
the  largest  yields  have  been  found  to  be  those  which  mature  at  a ) 
to  late  date.    Under  certain  conditions  the  early  maturing  varic 
be  the  largest  yielders,  but  this  is  where  the  length  of  time  forr| 
for  some  reason  is  not  sufficiently  long  from  planting  to  frost  to : 

those'  which  require  more  time  to  complete  their  development}' 

when  planted  imder  these  conditions,  would  suffer  material  reduollik  in 
yield  by  being  caught  by  frost. 

It  can  generally  be  assumed  that  varieties,  not  only  of  com,  lnit.^||iLr 
crops,  which  mature  early  will  not  be  large  yielders,  for  earlinM  mad 
high  yield  are  antagonistic  characteristics.  With  many  crops,  howeiver^ 
earliness  is  more  essential  than  heavy  yields ;  especially  is  this  so  with 
trucking  crops,  for  if  they  do  not  reach  maturity  early  in  the  season 
the  best  prices  are  not  obtained.  Where  for  any  reason  the  season  for 
growth  is  short,  the  best  of  the  early  varieties  will  give  the  largest  yields 
imder  the  conditions,  but  the  yield  will  be  smaller  generally  than  would 
have  been  produced  by  the  best  of  the  medium  and  late  maturing  varie- 
ties had  the  season  been  sufficiently  long  for  their  full  development. 

Seed  Selection. — The  more  intelligently  and  persistently  field  selec- 
tion of  seed  is  carried  on,  the  larger  the  yield  of  com  from  such  seed 
will  be.  Within  limits,  the  number  of  ears  borne  by  any  variety  of  com 
is  within  the  power  of  any  com  grower  to  control,  if  proper  methods  of 
seed  selection  are  used  to  supplement  good  soil  and  cultivation.  One 
of  the  best  yielding  varieties  grown  in  this  State  and.  tested  is  Biggs' 
Seven-ear;  it  is  also  the  most  prolific  variety  thus  far  found.  Prolif- 
icacy is  a  largely  controllable  characteristic  of  the  com  plant,  which  is 
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associated  with  high  yields  as  is  evidenced  by  most  of  our  best  yielders 
being  of  this  type.  On  account  of  lack  of  appreciation  of  the  possi- 
bilities for  the  improvement  of  yields  by  the  use  of  good  seed,  selected 
from  the  field  in  the  best  manner,  many  farmers  have  not  secured  near 
the  production  per  acre  which  their  farms  are  capable  of  producing  with 
the  cultivation  and  fertilization  which  is  usually  bestowed.  The  matter 
of  distancing  rows  and  plants  in  the  row,  and  of  the  effects  of  removing 
suckers  from  the  plants,  is  also  reserved  for  discussion  in  subsequent  bul- 
letins. It  might  be  interesting  to  note  here  that  the  tendency  to  produce 
suckers  seems  to  be  largely  a  varietal  characteristic. 


(44)  (46)  (46) 

Fio.  12.~T7P0  Bars  of  Varieties:  (44)  Boone  County  White  (Tennessee);  (45)  Boone  Ckmnty  White 

(Indiana):  and  (46)  ICaclCackin's  Goiudseed. 

METHODS  OF  IMPROVEMENT. 

At  present  there  are  three  methods  in  common  practice  for  the  improve- 
ment of  com  by  seed  selection,  viz.:  (1)  importation  or  buying  of  im- 
proved seed;  (2)  field  selection  of  the  best  home-grown  seed,  and  (3) 
home  field  selection  and  growing  of  com  for  seed  purposes  in  an  isolated 
field. 

IMPORTATION    OF   SEED. 

Under  no  circumstances  should  farmers  depend  each  year  upon  impor- 
tation for  seed,  as  com  brought  from  a  distance  (where  soil  and  climatic 
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conditions  are  different)  seldom  yields  satisfactory  results  until  it  has 
become  thoroughly  acclimatized,  which  usually  requires  from  two  to 
three  years.  The  force  of  this  statement  is  amply  illustrated  in  our 
experience  with  the  best  varieties  of  Western  and  Northwestern  com. 
None  of  these  have  done  extra  well  under  North  Carolina  conditions  the 
first  year  after  importation,  although  they  are  among  the  most  prolific 
ones  grown  in  the  principal  corn-growing  belt  of  the  country.     This 


(47)  (48)  (49)  (50) 

Fio.  18.-Typ«  Ewrs  of  Varteties:  (47)  Southern  Beauty:  (48)  Eureka;  (49)  Moehy's  Prolillc; 
and  (60)  Sanders'  Improved. 

further  emphasizes  the  need  in  all  variety  tests  of  as  complete  knowl- 
edge as  possible  of  the  conditions  under  which  the  parent  plants  were 
grown.  Especially  should  the  locations  be  known  from  whence  all  seed 
come,  before  one  can  properly  interpret  varietal  results;  for,  if  not 
acclimatized,  suppressed  yield  may  be  expected  from  this  cause. 

The  advantage  of  imported  seed  is  that  the  farmer  is  frequently 
enabled  to  begin  improvement  where  some  careful  grower  or  skilled 
plant  breeder  has  left  off.  It  is  here  as  with  animals;  for,  if  it  is  de- 
sired to  breed  milk  cows,  it  is  not  best  to  go  back  to  the  "scrub"  to  b^in 
selecting  the  desirable  animals,  but  rather  to  begin  with  some  of  the 
best  of  the  recognized  milk  breeds,  like  the  Jersey,  Guernsey,  etc.,  and 
with  these  continue  the  improvement  by  breeding  and  selection. 
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Buying  Seed. 

In.  buying  seed  it  is  usually  safest  to  secure  seed  in  small  quantities 
first,  and  from  as  near  home  as  possible,  other  things  being  equal,  and 
give  them  a  trial  before  making  extensive  planting  of  the  variety.  This 
can  be  done,  as  some  of  the  best  yielders  for  !N'orth  Carolina  soils  thus 
far  found  are  those  which  have  been  originated  in  this  and  adjoining 
States.  If  a  neighbor  has  better  field-selected  com  than  you  have,  by 
all  means  secure  some  of  his  seed,  as  it  will  be  found  generally  that  his 
com  will  do  better  in  that  particular  neighborhood  than  com  bought  at 


(61)  (52)  (68)  (54) 

FiO.  14.-Type  Ears  of  Varietiee:  (51)  R«kl'8  YeUow  Dent;  (62)  RUey's  Favorite:  (58)  Iowa  Silver- 

mine:  and  (64)  Selection  77. 

a  distance.  It  is  suited  to  the  local  conditions,  as  is  evidenced  by  its 
superior  yielding  qualities.  Farmers,  in  purchasing  seed  com  at  a  dis- 
tance, should  require  the  dealers  to  ship  it  on  the  ear  and  supply  a  state- 
ment as  to  where  it  was  grown.  This  is  essential,  for,  as  pointed  out 
above,  if  the  com  was  grown  under  greatly  different  soil  and  climatic 
conditions  from  those  imder  which  it  is  to  grow,  the  seed  will  seldom 
prove  satisfactory  for  at  least  the  first  two  or  three  years,  although  they 
may  be  of  strong  vitality,  good  quality  and  come  from  an  excellent 
variety,  produced  by  a  careful,  conscientious  grower.  Another  advan- 
tage of  buying  seed  on  the  ear  is  that  when  it  comes  if  it  is  not  satis- 
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factory  it  may  be  returned  to  the  sliippery  or  if  only  a  few  ears  are 
unsatisfactory  they  can  be  easily  thrown  out  before  shelling.  It  is  best, 
in  shelling  seed  com,  that  each  ear  be  shelled  separately  into  a  pan  or 
bucket  before  putting  with  others,  so  that  ears  wilJi  undesirable  dbarac- 
teristics  may  most  easily  be  discarded. 

It  is  not  always  cheapest  to  buy  the  seed  com  that  can  be  pnxehased 
for  the  least  money.  In  the  tests  of  the  Station,  differences  of  fivtf  to  ten 
bushels  of  shelled  com  per  acre  between  the  yield  of  different  vairieties 
are  of  no  uncommon  occurrence.  !N'ow,  assuming  an  average  diffn^enoe 
in  yield  of  ^ven  bushels  per  acre  between  two  varieties,  and  plaeiw  seed 
of  the  poor-yielding  one  at  70  cents  and  seed  of  the  best  field-raect«d 
one  at  $2.10  per  bushel,  and  assuming  that  a  bushel  of  com  will  plant 
seven  acrep,  it  will  make  the  seed  of  land  planted  to  the  poorer  grade 
k  ^eost  10  cents,  while  the  planting  to  seed  of  the  better  variety  wiu  cost 
.  ^  cents  per  acre.  Now,  deducting  the  difference  in  the  cost  of  seed  for 
planting  an  acre  to  each  of  these  varieties,  a  gain  of  $4.70  in  f  avoir  of 
the  use  of  the  better  seed  is  shown  when  the  excessive  yield  of  tfiis  is 
calculated  simply  at  the  market  price  of  ordinary  com. 

On  the  other  hand,  because  a  variety  is  advertised  in  extraTBgant 
superlatives  and  quoted  at  an  advanced  price,  it  is  not  always  a»  guar- 
antee of  its  worth.  Hence,  the  best  method  to  pursue  in  purehaang 
seed  com  is  to  buy  only  from  the  most  reliable  parties  and  have  it  shipped 
on  the  cob,  so  as  to  enable  the  buyer  to  see  just  what  he  is  getting.  Tim 
precaution  is  advised  because  it  is  a  well-established  fact  that  many  seeds- 
men buy  whole  surplus  crops  of  com  and,  without  a  particle  of  sdection, 
other  than  removing  rotten  ears,  shell  and  screen  it  and  place  it  upon 
the  market,  after  thoroughly  advertising  it,  at  a  price  many  timea  the 
market  price  of  ordinary  com,  and  often  it  is  no  better  and  sometimes 
decidedly  inferior. 

In  buying  seed  com  on  the  ear  do  not  expect  too  much,  however,  for 
it  should  be  remembered  that  there  are  only  a  few  prize  ears  in  any 
field,  and  it  would  cost  many  dollars  per  bushel  to  get  these  out. 

Acclimatization  of  Com, 

Other  things  being  equal,  it  is  not  wise  generally  to  import  com  from 
a  distance,  especially  a  different  latitude,  because  it  wiU  not,  as  a  general 
rule,  yield  satisfactory  return^  until  it  has  become  thoroughly  aed&na- 
tized,  which  usually  requires  from  two  to  three  or  more  years.  We  have 
had  many  striking  instances  of  this  fact  in  our  tests  of  varieties  of  eom 
brought  from  the  Northwestern  States.  Ifone  of  these  varieties  have 
done  very  well  with  us,  although  they  are  the  most  prolific  ones  in  the 
Northwest.  This  is  the  reason  that  it  is  urged,  in  another  part  of  this 
Bulletin,  that  the  history  of  all  seed  com  purchased  be  ascertained  from 
the  dealer.  Neither  is  it  prudent  to  buy  seed  com  that  was  grown  in 
the  extreme  South,  for  it,  being  accustomed  to  a  longer  growing  period 
than  we  have  in  North  Carolina,  will  be  liable  to  be  caught  by  frost 
and  thereby  give  a  diminished  yield  of  immature  grain,  especially  if  cool 
weather  comes  early  in  the  fall.  The  small  yield  of  the  Northwestern 
corns,  on  the  other  hand,  being  accustomed  to  a  shorter  growing  period 
than  we  have,  is  led  to  mature  at  an  earlier  period  than  is  conducive  to 
the  largest  yields  in  our  climate. 
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(2)  (8) 

Fio.  1&— Poor  and  WellHshaped  Ears:  (U  Too  much  si>ace  between  ffrain-rows  and  poorly 
filled  at  tip;  (2)  Ear  undersized;  and  (8)  Well-shaped  ear. 


Digitized  by  LjOOQIC 


28  N.  C.  AGRICULTURAL  EXPERIMENT  STATION. 

FIELD  SELECTION  OF  SEED. 

The  proper  place  to  select  seed  com  is  in  the  field,  at  or  just  before 
gathering  time,  and  select  from  stalks  that  have  the  most  shelled  com 
per  stalk,  as  such  seed  will  tend  to  produce  an  increased  yield  in  the 
next  year's  crop.  Any  method  of  seed  selection  that  does  not  take  the 
plant  as  a  whole  into  consideration  is  not  going  to  lead  to  the  best  re- 
sults; for  the  stalk  and  leaves,  which  are  the  manufactory  of  the  plant, 
determine  to  a  considerable  extent  the  size  and  quality  of  the  ears.  In 
all  our  results  it  has  been  observed  that  those  varieties  which  have  gen- 
erally been  the  best  yielders  are  those  which  produce  more  than  one  ear 
per  stalk.  Ears  of  medium  length  and  size  are  preferable  to  the  long 
and  large  ones,  because  the  latter  were  generally  either  prodaeed  on 
stalks  that  bore  but  one  ear,  or  else  on  stalks  that  grew  on  some  fertile 
spot  in  the  field,  either  of  which  seed  do  not  tend  to  promote  the  g^eat^t 
yields  when  planted  Seed  from  com  grown  on  average  land  trill  do 
better  planted  on  land  of  medium  fertility  than  when  seed  from  eorn 
grown  on  rich  land  is  used,  for  the  same  reason  that  stock  aceoilmned 
to  poor  conditions  will  do  better  on  an  inferior  pasture  than  stock  necas- 
tomed  to  more  favorable  surroundings. 

The  selection  should  not  be  turned  over  to  the  hired  man,  biAHypfoId 
receive  the  best  efforts  of  the  farmer  himself,  as  it  is  sure  IIm^^^^ 
expended  in  this  work  will  prove  as  profitahle,  if  not  more  so,  i'^'^' 
other  work  done  on  the  farm.  By  continually  selecting  and 
com  possessing  certain  desirable  characteristics,  such  as  pr  ^ 
two  good  ears  per  stalk,  it  will  be  found,  as  the  selection  goes 
year  to  year,  that  these  desirable  qualities  have  each  year  " 
thoroughly  fixed. 

It  should  be  constantly  kept  in  mind  that  on  every  farm  _ 
beneficial  or  detrimental,  are  continually  taking  place,  as  it  it  iifc  in- 
herent tendency  of  all  plants  to  vary  more  or  less  and  inhiigiJil  or 
revert  to  a  less  pr6ductive  state  if  intelligent  and  rigid  selectioMk  not 
persistently  kept  up. 

In  making  selections  in  the  field,  at  least  three  to  four  times  Mwneli 
com  should  be  gathered  as  it  is  desired  for  seed  purposes  the  fidbwiz^ 
year,  so  that  further  and  more  careful  selection  can  be  made  after  the 
ears  have  been  taken  to  the  bam  and  when  a  leisure  time  presents  itself. 
In  the  final  selection  the  ears  should  be  arranged  conveniently  on  the 
bam  fioor  or  ground,  and  with  an  ear  of  the  type  desired  in  mind  or  in 
hand,  go  over  the  lot  and  remove  all  undesirable  ones.  The  seed  thus 
selected  should  be  transferred  to  a  box  or  barrel  and  covered  with  wire 
gauze  or  something  else  that  will  permit  of  thorough  ventilation  and 
keep  out  rats  and  mice.  Store  the  barrel  or  box  in  some  dry  place  and 
let  remain  until  the  seed  are  wanted  for  planting. 

UNIFORMITY   IN    HEIGHT    OF   EARS. 

If  all  the  ears  in  a  field  are  of  approximately  uniform  height,  there 
is  greater  probability  of  complete  fertilization  and  filling  of  all  the 
grains  of  the  ears  than  would  be  the  case  if  some  of  the  ears  were  high 
up  on  the  stalks,  while  others  were  comparatively  near  the  ground.    An 

Digitized  by  VjUUy  It: 


SOME  FACTORS  IN  SUCCESSFUL  CORN  GROWING. 


29 


extremely  high  ear  tends  to  late  maturity,  while  one  very  near  the  ground 
tends  to  ripen  early,  hence  will  not  make,  as  a  general  rule,  a  very  large 
growth.  For  the  ears  in  a  field  to  be  completely  fertilized  or  pollinated, 
the  silks  of  the  ears  should  be  ready  to  receive  the  falling  pollen  grains 
(dust-like  particles)  from  the  tassels  as  soon  as  they  begin  to  be  dissemi- 
nated by  the  wind. 

BABN    SELECTION. 

It  is  a  common  practice  with  many  farmers  of  North  Carolina  to 
make  seed-corn  selection  from  the  crib  in  the  spring,  just  before  planting 
time,  when  the  quantity  is  small  and  the  quality  inferior.     This  method 
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Fuk  law—iyp*  Kernels  of  VarletiM:  (1)  Cocke's  Prolific;  (2)  Weekley's  Improved;  (8)  Shellem's  Pro- 
Ii6e:  U)  Bisss*  Sereo-ear;  (6)  Hickory  Kins;  (6)  Wilson's  Success;  (7)  Thomas'  Improved;  (8) 
Fsnasn'  Vmwaritm;  (9)  Batler's  Prolific;  (10)  Square  Deal;  and  (11)  Brake's. 

jields  better  results  than  no  selection  at  all,  but  is  far  inferior  to  field 
selection,  where  the  performance  record  of  each  stalk  may  be  given  con- 
sideration. 

Jn  bam  selection  it  is  usually  the  larger  ears  that  are  chosen  for  seed 
purposes,  and  these  are  not  generally,  as  pointed  out  above,  the  best  ones 
for  seed.  We  have  in  this  State,  by  our  bam  method  of  seed-corn  selec- 
tion, been  unconsciously  selecting,  growing  and  perpetuating  types  of 
com  of  low  prolificacy. 
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RESULT   OF   PBOPBB   SEED   SELECTION. 

By  careful  seed  selection  the  yield  for  North  Carolina  could  easily  be 
increased  two  bushels  of  shelled  com  per  acre,  which  would  be  worth 
about  four  million  dollars  per  year  clear  to  the  farmers  of  the  State 
when  com  is  selling  for  75  cents  per  bushel.  By  adding  one  kernel  per 
ear  to  the  present  yield,  through  the  use  of  better  methods  of  seed  selec- 
tion, from  $75,000  to  $100,000  annual  increase  would  result  in  net  re- 
ceipts for  the  corn  crop  of  the  State.  These  are  exceedingly  low  esti- 
mates of  what  might  be  done  by  the  use  of  proper  methods  of  seed  selec- 
tion, for  the  writer,  as  well  as  workers  in  other  States,  have  found  that 
from  five  to  ten  bushels  of  shelled  com  more  are  yielded  per  acre  from 
well-selected  seed  than  from  those  selected  by  a  less  intelligent  metliodL 


FIELD  SELECTION  AND  GROWTH  OF  SEED  IN  AN  ISOLATED 


By  carefully  selecting  a  limited  number  of  the  very  best 
seed  ears  from  the  field  in  the  fall  and  planting  them  in  a  fieM 
from  any  other  com,  something  like  500  to  600  yards,  to  prewii; 
ing  by  the  pollen  being  carried  by  the  wind,  much  better  aad 
results  may  be  secured  than  where  simple  field  selection  from  the 
crop  alone  is  practiced,  t.  e.,  if  the  breeding  plat  is  properly 
This  plat  should  be  tolerably  fertile  (equal  at  least  to  the  lands 
the  general  crop  is  to  be  grown),  for  poverty  of  soil  is  very  < 
to  reversion,  thereby  losing  in  one  year's  growth  on  a  poor  ami 
what  has  been  gained  by  a  number  of  years  of  rigid  selection, 
in  the  breeding  plat  should  be  of  such  length  that  they  will  i 
about  three-quarters  of  an  ear  per  row ;  and,  in  planting,  each 
receive  its  individual  ear,  so  that  the  performance  record  in 
each  seed  ear  can  be  seen,  and  if  not  satisfactory  the  whole 
be  rejected  for  seed  purposes.  After  planting  as  many  rows 
from  the  selected  ears,  a  composite  sample  should  then  be 
quantity  of  each  ear  left  over,  and  a  border  of  several  rom 
entirely  around  the  breeding  plat  to  still  further  prevent  the 
of  wind  pollination  from  outside  cornfields.  The  land  on  whi^ 
is  to  be  located  should  be  given  deep  and  thorough  preparation, 
subsequent  cultivations  of  the  com  should  be  every  ten  to  twelve  days, 
with  a  cultivator  with  smaller  hoes  on,  rather  deep  early  in  the  season* 
but  becoming  shallower  and  with  the  larger  hoes  on  as  the  season  ad- 
vances and  the  root  system  extends  towards  the  middle  of  the  row  and 
nearer  the  surface.  Especially  is  this  important  on  upland  soil,  where 
conservation  of  moisture  plays  such  an  important  part  in  yield.  When 
the  com  in  the  breeding  plat  has  attained  the  tasseling  stage  the  tassels 
from  all  barren  stalks  should  be  carefully  removed  just  as  they  are 
emerging  from  the  rolls  of  the  last  leaves.  The  tassel  is  the  male  part 
of  the  com  plant,  while  the  silk  is  the  female  part.  When  the  staUk  is 
barren  or  bears  only  male  organs  the  tassel  is  frequently  above  the  aver- 
age in  size,  strength  and  vigor,  as  all  the  vital  forces  of  such  a  plant 
have  been  expended  on  this  single  organ  of  reproduction ;  hence,  when  an 
ovule  or  embryonic  kernel,  through  the  silk,  is  fertilized  or  pollinated  by 
the  yellow  dust-like  pollen  from  a  barren  stalk,  it  will,  when  planted. 
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have  a  strong  tendency,  inherited  through  its  male  parent,  to  produce  a 
barren  or  poor  yielding  stalk.  The  tassels  should  also  be  removed  from 
all  weak,  diseased  and  otherwise  stunted  plants,  for  the  same  reason 
we  would  not  use  a  "scrubby,"  stunted  bull  in  a  herd  of  cows  if  we  cared 
anything  for  the  future  improvement  of  the  stock.  It  has  been  demon- 
strated time  and  again  by  carefully  conducted  experiments  that  by  selec- 
tion from  poor  plants  the  yield  of  grain  will  not  only  be  materially  re- 
duced, but  will  also  be  of  an  inferior  quality.  The  writer  has  during 
the  past  six  or  eight  sunmiers  visited  a  number  of  cornfields  in  different 


Fio.  17.-T3rpe  Kernds  of  VariatiM:  (12)  Holt's  Strawberry;  (18)  Mosbz'B  Prolific;  (14)  Sanders'  Im- 
proved;  (16)  Soathem  Beauty;  (16)  Eureka;  (17)  Hastinfft'  Prolific;  (18)  Selection  77;  (19)  Iowa 
SUirermine;  (20)  Boone  County  White;  (21)  Reid'e  Yellow  Dent;  (22)  Rfley'e  Favorite;  and  (28) 
Leamins  Yellow. 

parts  of  the  State,  and  has  found  but  few  fields  that  contained  less  than 
ten  per  cent  of  barren  stalks,  which  means  that  from  every  ten  acres  in 
cultivation  a  loss  of  the  yield  of  one  acre  from  nonproductive  stalks  is 
generally  sustained.  It  must  not  be  overlooked  that  the  secret  in  suc- 
cessful com  growing  consists  in  having  a  good  stand  and  in  having  each 
stalk  bear  at  least  one  or  two  good-sized  ears,  ad  it  costs  just  as  much  to 
cultivate  nonproductive  stalks  or  land  without  stalks  as  it  does  prolific 
ones  and  a  good  stand.  The  number  of  barren  stalks  in  our  fields  should 
not,  under  average  conditions  of  fertilization,  weather  and  cultivation, 
ever  reach  over  three  to  five  per  cent. 
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CHARACTERISTICS  TO  CONSIDER  IN  SEED  SELECTION. 

As  total  yield  of  shelled  corn  per  stalk  is  the  principal  consideration 
in  the  production  of  corn,  the  following  characteristics  correlated  with 
large  yield  will  be  taken  up  somewhat  in  detail  for  consideration : 

PEBCENTAOE   OF   GRAIN. 

Although  it  is  essential  for  any  variety  to  possess  the  characteristic 
of  producing  a  high  percentage  of  grain  to  ear  for  it  to  attain  its  maxi- 
mum yielding  capacity,  yet,  as  other  factors,  such  as  prolificacy,  size  of 
ears,  source  of  seed,  etc.,  enter,  the  largest  yields  need  not  necessarily  be 
expected  from  those  varieties  possessing  the  highest  percentage  of  grain. 
As  a  matter  of  fact,  the  largest  yields  by  varieties  tested  at  the  Station 
farm  during  the  past  five  years  have  been  secured  from  those  which  pro- 
duce a  medium  percentage  of  grain ;  but  this  is  not  because  this  w  an 
unessential  of  the  highest  possible  yields,  but  rather  due  to  the  fact  ^dbat 
varieties  possessing  the  highest  percentages  of  grain  have  been  bred  ind 
selected  largely  for  this  quality  alone,  while  other  characteristics  tliat 
might  have  contributed  to  the  yields  were  seemingly  left  out  of  consider- 
ation to  a  large  extent  in  the  establishment  of  these  varieties. 

The  best  yielding  varieties  have  been  found  to  bear  ears  which  i 
on  an  average  of  eighty  to  eighty-seven  per  cent  grain.    With  the  J 
variety  there  is  a  seasonal  variation  of  a  fraction  of  'a  per  cent 
to  four  per  cent,  or  even  more.  -^ 

Of  the  varieties  thus  far  tested,  Bodson's  Prolific  Shoepeg,  B^dhy 
King,  Sanders'  Improved,  Craig's  Prolific  Strawberry  and  Craig's  vp^ 
lific  White  have  been  found  to  possess  the  highest  percentage  of  gxiiwn 
to  cob.  One  hundred  pounds  of  the  ears  of  each  of  these  she}!  fitai 
eighty-five  to  ninety  pounds  of  grain. 

HEIGHT    OF   EARS   AND   STALKS. 

The  best  yielding  varieties  when  grown  at  the  Station  have  been  iimai 
to  be  those  which  have  a  medium  to  tall  stalk  and  which  bear  theiraars 
at  a  medium  height.  The  varieties  possessing  the  lowest  stalks  and  aars 
are  those  which  have  come  from  the  corn-growing  States  of  the  North- 
west. Cocke's  Prolific,  Mosby's  Prolific,  MacMackin's  Qourdseed,  San- 
ders' Improved  and  Eureka  have  shown  up  as  some  of  the  tallest  growers 
and  are  varieties  which  bear  the  ears  at  an  average  height,  a  little  less 
than  one-half  the  height  of  the  stalks. 

NUMBER   EARS    PER   STALK. 

In  variety  tests  on  the  Station  farm  during  the  past  six  years,  as  it  has 
been  found  to  be  a  pretty  general  rule  that  those  which  have  averaged 
the  largest  yields  of  grain  per  acre  were  those  possessing  a  decidedly 
strong  tendency  to  produce  more  than  one  ear  per  stalk,  it  would  seem 
to  be  safe  to  infer  that  the  prolificacy  of  stalks  in  ears  should  be  given 
consideration  in  selecting  seed  corn  in  the  field.  In  the  Station  tests  it 
has  been  found  that  Sanders'  Improved,  a  fairly  prolific  variety,  has 
yielded  as  an  average  of  five  years  6.8  bushels  more  of  shelled  com  per 
acre  than  Holt's  Strawberry,  a  good  one-eared  variety;  while  Biggs' 


Digitized  by  VjOOQIC 


SOME  FACTORS  IN  SUCCESSFUL  CORN  GROWING. 


33 


Seven-ear,  another  prolific  variety,  has  outyielded  Holt's  Strawberry  4.4 
bushels  as  an  average  of  three  years'  tests.  Ordinarily,  for  the  better 
grade  of  improved  farming  lands  of  the  State,  it  is  not  felt  that  it  would 
be  wise  to  select  seed  from  stalks  bearing  more  than  two  ears.  It  is 
believed  that  the  richer  the  land  on  which  the  com  is  to  be  planted  the 
greater  the  prolificacy  in  ears  that  may  be  selected  with  profit.  On  the 
poorer  grades  of  land  it  is  suggested  that,  until  its  yielding  capacity  has 
been  increased,  the  best  one-eared  varieties  be  grown.  Too  great  a  pro- 
lificacy of  com  to  be  planted  on  poor  land  may  be  a  positive  detriment 
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Fio.  1&— Type  Kernels  of  Varieties:  (24)  Kansas  Sunflower;  (25)  Jones'  YeUow  Dent;  (26)  Hiklreth's 
Yellow  Dent;  (27)  Wyatt's  Improved  Yellow;  (28)  Sharber's;  (29)  Hickory  King  (Virginia):  (30) 
Culpepper's  Extra  Prolific;  (81)  Goodman's  Prolific;  (32)  Columbian  Beauty;  (88)  Jones'  While; 
(84)  Wriffht's  Improved;  and  (86)  Dodson's  Prolific  Shoepeff. 

to  yield.  The  tendency  of  such  seed  will  be  to  produce  a  large  number 
of  ears;  and  as  the  limited  supply  of  available  plant  food  contained  in 
the  soil  will  run  quite  low  towards  the  latter  part  of  the  growth  of  the 
plants,  there  will  usually  be  a  large  number  of  shoots  and  nubbins  pro- 
duced and  very  few  ears;  while  on  the  other  hand  a  one-eared  variety 
might  have  given  fairly  good-sized  ears  under  the  conditions ;  certainly 
it  would  in  all  probability  have  done  better.  It  might  be  stated  in  this 
connection  that,  where  these  conditions  of  soil  obtain,  it  is  thought  that 
time  might  be  put  to  better  advantage  in  growing  on  it  soil-improving 
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crops^  such  as  cowpeas  and  clover,  and  defer  planting  it  to  com  until  it 
has  been  considerably  improved  in  producing  capacity.  It  is  not  felt 
that  com  can  be  raised  profitably  on  very  poor  land. 

WHICH   OF   TWO   EABS    TO   8BLECT. 

In  the  selection  of  seed  com  from  stalks  bearing  two  or  more  ears  per 
stalk  the  selections  should  be  made  from  those  stalks  that  have  the  ears 
of  a  uniformly  convenient  height  for  gathering  and  of  those  ears  on  the 
stalks  that  possess  the  greatest  number  of  desirable  characteristics.  Most 
investigators  in  this  country  who  have  made  careful  field  tests  and  kept 
accurate  records  with  this  cereal  are  pretty  uniformly  of  the  opinion 
that  the  top  ear,  being  usually  the  largest,  best-shaped  and  matiued,  is 
the  one,  as  a  general  rule,  to  be  preferred  for  seed  purposes.  However. 
with  present  knowledge  on  the  subject,  it  will  be  well  to  select  for  seed 
all  the  ears  on  stalks  bearing  two  ears  per  stalk,  if  the  ears  axe  ^p^ll 
shaped  and  thoroughly  matured  and  possess  kernels  of  proper  ahape^ 
color  and  vitality.  For  practical  purposes  it  is  felt  quite  Btrouffiy  that 
this  procedure  will  likelv  prove  the  most  rational.  It  must  be  kept  in 
mind  that  if  it  is  wished  to  produce  a  variety  that  will  bear  mora  tfaan 
one  ear  per  stalk,  selection  should  be  made  in  the  field  each  fall  from 
stalks  bearing  two  or  more  ears.  What  is  meant  by  a  two-eared  TmAlty 
of  com  is,  or  should  be,  that  when  it  is  grown  under  the  same  eonditijOiit 
as  other  varieties,  such  as  Holt's  Strawberry,  Southern  Beauty,  or  Badca« 
it  will  have  decidedly  more  stalks  bearing  two  ears  than  these  oottHBared 
varieties.  Of  course,  other  factors  besides  seed  sdeetion  play  an  anpor- 
tant  part  in  determining  the  yield  of  any  variety  of  com.  Tkqf  are 
fertility  and  physical  condition  of  the  soil,  season,  cultivation,  etc  Sot- 
withstanding  these  facts,  some  seedsmen  advertise  that  they  have  eortam 
varieties  of  com  that  will  bear  two,  three,  four,  five  and  even  m  and 
seven  ears,  as  the  case  may  be,  per  stalk,  implying,  if  not  statinig  pooi* 
tively,  that  the  exploited  varieties  with  euphonious  and  '^catchy^  Binnff 
will  do  these  wonderful  and  impossible  things  regardless  of  poverty  of  the 
soil  and  unfavorable  soil  and  seasonal  conditions.  It  is  often  wiae  to 
let  your  neighbor  do  the  buying  from  the  man  that  claims  too  mnch,  and 
do  your  own  purchasing  from  one  that  claims  less  and  supplies  seed  that 
do  more. 

LABOE   VERSUS   SMALL   EABS. 

Although,  taking  everything  into  consideration,  where  com  is  gathered 
by  hand  in  the  ordinary  way,  it  will  usually  be  a  little  easier  and  slightly 
cheaper  to  gather  and  handle  the  same  acreage  of  large-eared  com  than 
of  com  with  smaller  ears,  when  the  yield  of  shelled  com  per  acre  for 
both  are  the  same ;  yet,  quite  frequently,  from  a  financial  standpoint,  it 
will  be  better  for  the  farmer  to  use  seed  of  a  variety  possessing  a  rela- 
tively small  ear,  because  of  the  greatly  increased  yield  of  grain  per  acre 
that  would  result  from  the  use  of  such  seed.  Within  reasonable  limits. 
it  should  not  be  so  much  the  size  of  the  ears  that  should  govern  in  the 
selection  of  a  variety  for  seed  purposes  as  the  persistency  of  the  seed  of 
the  variety  to  withstand  adverse  conditions  and  to  produce  large  yields 
of  shelled  com  per  stalk,  and  hence  per  acre.     However,  in  selectinir 
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within  the  same  variety  it  will  usually  be  advisable  to  choose  for  seed 
those  ears,  other  characteristics  being  equal,  that  are  -of  the  average  or 
slightly  above  the  average  in  size  for  the  variety. 

The  size  of  the  ear  of  a  variety  is  not,  determined  solely  by  heredity, 
but  is  greatly  influenced  by  climate,  season,  soil,  fertilization,  cultivation, 
etc. ;  for  the  more  favorable  these  conditions  are  for  the  growth  of  the 
plants,  the  larger  will  the  ears  produced  be  at  maturity ;  and  the  more 
unfavorable  these  conditions  are,  the  smaller  they  will  grow.  In  other 
words,  if  seed  of  the  same  variety  were  planted  during  the  same  year 


Fig.  IflL— Type  Kemels  of  Varieti«s:  (S6)  Cleckl«r'«  Improved;  (87)  Bradbury's  Improved:  (88)  Fry's 
Improved:  (S9)  Cooper's  Improved;  (40)  liaclfackin's  Gourdseed;  (41)  Pool's:  (42)  Harris'  Improved; 
(4S)  Peele's  Prolific;  (44)  WUliaros';  (46)  Fiedo^ia's  Pride;  (46)  Cleveland's  Pure  White;  (47)  Jack- 
son's  Whiteeap  Prolifle;  (48)  Krimmins«r'«  Improved;  (49)  Whelchel's  Dent;  (60)  Osborne;  (61) 
McAnlcy's  White  Dent;  (62)  Henry  Grady;  and  (68)  Horsetooth. 

on  both  rich  bottom  and  ordinary  upland  soils,  it  would  be  found  at 
maturity,  with  a  favorable  season,  that  the  com  grown  in  the  bottom  had 
not  only  produced  a  larger  yield  and  greater  number  of  ears  per  stalk, 
but  had  also  borne  considerably  larger  ears,  and  it  would  generally  be 
easy  for  one  who  is  at  all  familiar  with  ear  types  of  different  varieties 
to  determine  by  general  appearances  whether  a  given  ear  had  been  pro- 
duced on  rich  land  or  not. 

It  will  be  better  to  use  seed  of  a  variety  having  medium  small  ears 
with  poorly  shaped  kernels  in  preference  to  one  with  large,  well-shaped 
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ears  possessing  well-formed  kernels^  if  the  former  produces,  under  the 
same  conditions  of  season,  soil  and  cultivation,  greatly  increased  yields 
over  the  latter,  notwithstanding  the  fact  that  it  may  be  a  little  leas 
expensive  to  house  the  latter,  because  the  net  profit  resulting  from  the 
former  would  be  much  greater. 

By  using  a  variety  with  a  strongly  fixed  prepotency  to  high  yidd  of 
shelled  com  per  stalk,  the  great  desideratum,  after  all,  the  size  and  shape 
of  the  ear  and  its  kernels,  may  be  materially  improved  within  a  itm 
years,  through  careful  seed  selection,  with  a  resulting  tendency  to  ha- 
ther  increased  yields  over  the  original  stock.  It  should  be  bone  ia 
mind  clearly,  however,  that  by  developing  better-shaped  ears  and  teneb 
of  any  variety,  through  seed  selection,  persistently  practiced  tkg&mSk  i 
number  of  years,  that  only  two  of  the  many  characters  that  oonlroDto 
to  high  yields  are  improved.  The  greatest  underlying  cause  of  li^ 
yields,  outside  of  environment,  is  a  reasonable  prolificacy. 

STALKS. 

The  kind  of  stalk  from  which  to  make  selections  is  one  poaseaaiiig  a 
tolerably  large  circumference  at  the  base  and  gradually  tapering  towards 
the  top,  as  this  is  the  type  that  stands  drought  best,  and  is  not  aa  i4>t  to 
be  blown  down  as  high,  slender  ones.  In  selection,  weight  should  be 
attached  to  good  root  and  leaf  development  of  the  mother  parent,  as  &L 
nourishment  and  growth  are  largely  dependent  upon  the  thoroiq^ess 
with  which  these  two  organs  do  their  work.  Poor  root  or  leaf  develop- 
ment is  indicative  of  meager  growth  and  small,  poorly-developed  producv 
tion.    All  selections  should  be  made  from  perfectly  healthy  plants. 

EABS. 

In  selecting  seed  corn,  care  should  be  given  to  the  following  ehaxaetar- 
istics  of  the  ear :  position  on  stalk,  kind  of  shank,  shape  and  oolir  of 
grain  and  cob,  size  of  cob,  filling  out  of  butts  and  tips,  number  ofMjIdi*' 
tance  between  rows  of  kernels,  and  length  and  circumf erenoe. 
centage  of  ear  to  total  plant  usually  varies  from  forty  to  sixlj ; 
with  an  average  of  about  fifty  per  cent,  when  the  com  is  grom. 
fairly  favorable  conditions.  The  smaller  the  yield,  the  smaller  i 
centage  of  ear  to  stalk. 

Position  on  Staik. — If  all  ears  in  a  field  are  of  approximately  i 
height,  there  is  greater  probability  of  complete  fertilization  of  fB  tk 
grains  of  the  ears  than  would  be  the*  case  if  some  of  the  ears  wenilqi^ 
up  on  the  stalks,  while  others  were  comparatively  near  the  gronaL  An 
extremely  high  ear  tends  to  late  maturity,  while  one  very  near  T 
tends  to  ripen  extra  early ;  hence  the  stalks  on  which  such  ears  are  1 
will  not  make,  as  a  general  rule,  a  very  large  growth.  For  the  ettia  ia 
a  field  to  be  completely  fertilized  or  pollinated,  the  silks  of  the  ears 
should  be  ready  to  receive  the  pollen  of  the  tassels  as  soon  as  it  la  gmn 
off.  On  the  same  plant  the  silks  usually  make  their  appearance  in  four 
to  five  days  after  the  tassel. 

The  position  of  ear  on  the  stalk  should  be  at  a  medium  height,  for 
two  reasons:  (1)  because  the  stalk  will  be  less  liable  to  be  blown  down, 
as  the  ears  will  have  less  leverage,  thereby  averting  the  injury  caused  by 
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lying  on  the  ground,  and  (2)  because,  if  at  a  convenient  height,  it  may 
be  gathered  with  a  great  deal  more  ease  and  at  considerable  less  expense, 
because  the  work  can  be  done  more  rapidly. 

Shank, — This  should  be  of  sufficient  size  and  strength  to  hold  the  ear 
well  and  in  a  rather  drooping  position,  so  that  rain  will  be  shed  and 
hence  prevented  from  running  into  the  ear  and  causing  the  grain  to  rot, 
as  wotdd  often  be  the  case  if  the  ear  were  held  in  an  upright  position, 
especially  if  the  end  of  the  ear  was  not  covered  well  by  shuck. 

Shape. — The  cylindrical  ear  (Fig.  15,  3)  is  the  best  type,  as  it  is  the 
one  that  generally  yields  the  highest  percentage  of  grain  to  cob  and  the 
largest  total  amount  of  shelled  com  per  acre.  The  rows  of  kernels  should 
run  parallel  the  full  length  of  the  cob,  without  change  in  shape  or  dimi- 
nution in  size,  or,  if  so,  but  very  slightly.  If  the  ears  are  tiqpering 
towards  the  tip,  there  is  a  suppression  of  yield,  due  to  one  or  both  rf*two 
causes,  viz. :  (1)  diminished  size  of  kernels  at  the  tips;  (2)  dropfi^gof 
rows  of  kernels  an  inch  or  so  from  the  tip  end. 

Color, — ^Yellow  com  should  have  a  deep-red  cob,  while  whiifi  ^^ 
should  possess  a  white  one,  and  any  variation  from  these  types  is  ttRttllj 
indicative  of  crossing  varieties.  The  market  price  of  meal  or  gritiatde 
from  white  corn  with  red  cobs  is  generally  lower,  because  the  {MMicks 
of  the  red  cobs  getting  into  the  com  and  being  ground  in  with  mail  give 
it  a  reddish  and  unattractive  cast. 

Size  of  Cob. — A  medium-sized  cob  is  the  best,  because  it  usually  yields 
the  largest  proportion  of  com  to  cob.  If  the  cob  is  small,  of  neeesBity 
the  number  of  grain  rows  is  restricted,  and  when  large  the  proporttOQ  of 
com  to  cob  is  reduced.  The  best  size  cob  is  shown  at  right  in  Fig.  20; 
the  ear  at  left  is  too  large,  while  the  one  at  botton^  is  too  small     * 

Length  and  Circumference, — The  length  to  cincumferenoe  shfljOld  be 
about  as  4  to  8,  t.  e,,  if  the  ear  is  8  inches  long  its  circumference  dumld 
be  approximately  6  inches,  when  measured  about  one^third  the  wn  b^^ 
the  butt  to  the  tip,  in  order  to  produce  the  largest  yield.  Too  Isqp  cir- 
cumference usually  indicates  small,  narrow  kernels,  of  low  vita]s||'  and 
poor  feeding  value. 

Filling-out  of  Butts  and  Tips. — The  more  perfectly  ears  are  SBei  at 
butts  and  tips,  usually  the  larger  the  percentage  yield  of  com.  It  is 
possible,  by  rigid  selection  of  ears  filled  compactly  at  butts  and  tips,  to 
increase  materially  within  a  few  years  the  annual  yield  over  com  in 
which  no  consideration  is  given  to  these  characteristics.  In  Fig.  21  is 
shown  poorly  and  well  tipped  ears. 

Number  of  and  Distance  Between  Rows  of  Kernels. — The  number  of 
rows  to  the  ear  should  be  comparatively  large  and  the  distance  between 
them  very  small  to  secure  the  highest  percentage  yields.  Wide  sulci,  or 
distance  between  rows,  indicate  reversion  to  an  inferior  type  that  it  will 
not  justify  the  farmer  of  to-day  to  grow.  In  Fig,  15  is  strikingly  showni 
the  differences  in  the  solid  setting  of  com  on  (1)  and  (3).  In  (3)  there 
is  little  or  no  space  between  the  rows,  while  in  (1)  there  is  considerable. 

KERNELS. 

The  com  kernel  may  be  divided  into  four  parts:  (a)  the  hull  or  outer 
layer;  (b)  the  hard,  flinty  portion  next  to  the  hull  and  lying  principally 
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at  the  sides;  (c)  the  white,  floury  portion  occupying  the  crown,  and 
(d)  the  germ  or  chit,  which  is  situated  on  the  side  of  the  kernel,  facing 
the  tip  of  the  ear.  The  hard,  homy  portion  contains  the  larger  propor- 
tion of  the  protein  (flesh-forming  material),  while  the  white,  floury  part 
of  the  crown  is  rich  in  carbohydrates  (which  is  the  fattening  and  heat- 
producing  portion  of  the  grain,  mainly  starch),  and  the  germ  carries 
a  greater  part  of  the  oil  and  is  also  rich  in  protein.  In  making  seed 
selections  for  high  percentage  yields  the  kernels  should  be  of  medium 
wedge  shape,  but  not  too  long  and  sharp,  for  such  a  form  not  only  ^'wastes 
space  at  the  cob  and  restricts  the  size  of  the  germ,"  but  indicates  inferior 


Fig.  21. —Well  and  poorly  filled  ears  at  tips. 

quality  and  low  vitality.  The  wedge-shaped  kernel  is  the  one  that  fills 
more  compactly  than  any  other  the  space  between  the  grain  rows.  If 
the  kernels  are  of  fairly  good  shape,  the  percentage  of  grain  of  the  ear 
should  range  from  eighty  to  ninety  per  cent.  The  kernels  having  thin 
tips  generally  contain  relatively  low  percentages  of  oil  and  protein  and 
high  contents  of  starch,  and  usually  possess  low  vitality.  The  best  shape 
is  a  plump  tip,  of  about  the  same  thickness  as  the  upper  portion  of  the 
kernel. 

In  Fig.  20  are  shown  good  and  bad  forms  of  kernels.  The  kernels  on 
ear  at  right  are  of  the  best  form,  while  those  on  all  the  other  ears  have 
some  defects.  Also,  in  Fig.  22  are  shown  fairly  well-shaped  kernels, 
which  possess  good  germ  development. 
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VITALITY  OF  SEED. 

The  vitality  of  any  seed  is  largely  governed  by  their  stage  of  maturity 
when  gathered^  by  the  vigor  of  the  parent  plant,  and  by  the  care  used 
in  curing  and  storing  them  after  harvest.  As  a  general  rule,  with  the 
same  variety,  the  larger  the  seed,  not  only  of  com,  but  all  crops,  the 
larger  the  amount  of  reserve  plant  food,  and  the  higher  the  percentage  of 
germination,  and  hence  the  better  the  stand.  Low  germination,  result- 
ing in  a  poor  stiEind,  is  often  one  of  the  most  potent  causes  for  small 
yields.  Large,  plump  seed  are  generally  grown  on  strong,  healthy  plants. 
If  possible,  the  seed  com  should  be  gotten  together  and  its  germination 
thoroughly  tested  before  planting  time  arrives.  This  can  be  done,  after 
nubbing  the  com,  by  taking  three  or  four  grains  from  difiFerent  portions 
of  the  ears,  putting  them  in  moist  sand  in  a  plate,  box  or  some  other 
receptacle  and  placing  in  a  warm  place.  The  space  in  which  the  seed 
from  each  ear  are  placed  should  be  marked  in  some  way  to  correspond 
with  the  ear  from  which  they  were  taken,  and  should  be  kept  moist  all 
the  time,  but  not  soaking  wet.  All  the  seed  com  might  be  tested  in  this 
way  with  profit,  and  all  those  ears  that  showed  a  germination  less  than 
ninety-five  per  cent  should  be  discarded.  If  the  farmer  cannot  do  this 
work  himself,  then  he  might  interest  his  boys  in  it  and  let  them  do  it. 
They  will  in  all  probability  take  great  interest  in  this  work,  which  may 
be  done  at  night  if  necessary.  This  precaution  is  highly  important,  for, 
as  a  general  rule,  replants  never  amount  to  much,  especially  in  the  Pied- 
mont and  mountain  sections  of  the  State. 

NUBBING  EARS. 

Carefully  conducted  experiments  have  demonstrated  that  it  is  advis- 
able to  nub  corn  before  planting,  for  it  has  been  found  that,  when  seed 
from  the  tips  and  butts  of  ears  are  placed  in  one  plat  and  by  the  aide  of 
it  another  is  planted  in  kernels  from  the  centers  of  the  same  ears,  there 
is  a  larger  percentage  of  dwarfed  and  barren  stalks  on  the  plat  planted 
in  tip  and  butt  kernels  than  from  the  other,  and  hence  less  yield  of 
shelled  corn  per  acre.  As  both  plats  were  plsjited  on  the  same  type  of 
soil  and  treated  in  the  same  way  bv  fertilization  and  cultivation,  it  is 
strongly  probable  that  the  decreased  yield  of  the  plat  sown  in  butt  and 
tip  grains  was  due  to  the  seed,  as  all  other  conditions  were  as  nearly 
identical  for  both  as  it  was  possible  to  secure. 

WHITE  VERSUS  YELLOW-EARED  VARIETIES. 

The  Station,  in  its  experiments,  has  secured  higher  yields  of  shelled 
com  per  acre  from  the  white  than  from  the  yellow  varieties  of  com. 
This  greater  yield  may  be  due  to  the  fact  that  the  Southem  people,  be- 
ing partial,  as  a  general  rule,  to  white  corns,  have  improved  them  more 
than  they  have  the  yellow  varieties.  From  the  standpoint  of  chemical 
composition,  the  yellow  corns  are  no  richer  in  feeding  value  than  the 
white  ones,  which  fact  is  contrary  to  a  common  belief  prevalent  in  this 
and  other  States.  The  only  difference  in  the  two  is  that  there  is  a  small 
amount  of  coloring  matter  present  in  the  kernels  of  the  yellow  com 
which  is  not  found  in  the  kernels  of  white  varieties. 
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RELATION  OF  CHARACTERS. 

One  of  the  purposes  of  the  detailed  study  of  varieties  of  com  by  the 
Station  has  been  to  ascertain  what  characters  of  this  cereal,  being  mutu- 
ally helpful  and  hence  conducive  to  higher  yields,  may  be  expected  to 
be  found  combined  in  the  same  plant  or  group  (varieties)  of  plants,  and 
what  ones,  being  generally  antagonistic  to  each  other,  seldom  or  never 
occur  in  the  same  plant  or  group  of  plants.  This  knowledge  is  highly 
essential  in  the  development  and  improvement  of  com,  as  well  as  all 
other  agricultural  crops ;  for  if  one  is  familiar  with  these  fundamental 
facts  he  will  be  better  enabled  to  originate,  improve  and  select  varieties 


Fio.  22.— Well-shaped  kernels,  possessiiur  large,  strong,  healthy  serms. 

best  suited  to  his  local  conditions  and  purposes  in  the  least  period  of 
time  and  with  a  minimum  of  disappointments.  As  an  average  of  the 
results  of  the  past  eight  vears'  work,  supplemented  by  field  observations, 
the  tentative  general  inferences  that  follow  are  made  with  reference  to 
the  varieties  of  com  studied,  when  grown  under  conditions  of  soil  and 
climate  as  represented  by  North  Carolina. 

ANTAGONISTIC    CHARACTERS. 

(1)  Earliness  in  maturity,  other  things  being  equal,  does  not  generally 
tend  to  large  yields  of  grain  and  stover  nor  to  high  stalks  and  ears. 
(2)  Large-eared  varieties  usually  have  a  relatively  low  percentage  of 
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grain  to  cob,  and  are,  as  a  rule,  less  productive  of  shelled  com  per  acre, 
when  grown  under  our  conditions.  (3)  Ears  with  very  small  cobs  have 
poorly  shaped  kernels,  as  a  rule,  and  give  a  small  amount  of  shelled  com 
per  ear,  and  vice  versa,  (4)  Kernels  of  low  vitality  do  not  tend  to  the 
growth  of  plants  of  maximum  yields. 

ASSOCIATED    CHABACTEB8. 

(1)  Earliness,  other  things  being  equal,  usually  tends  to  high  percent- 
age of  ear  to  stover,  and  conversely,  although  this  ratio  is  more  or  less 
modified  by  season,  soil,  fertilization,  breeding  and  selection.  (2)  Varie- 
ties producing  two  ears  per  stalk  are  generally  more  productive  of 
shelled  com  jper  acre  than  those  bearing  only  one  ear  per  stalk,  although 
it  may  be  a  large  one.  (3)  Medium  maturing  varieties,  in  our  experi- 
ments, have  been  the  ones,  generally,  to  give  the  largest  yields  per  acre 
of  shelled  corn.  (4)  Small  kernels  usually  possess  low  vitality,  and 
those  kernels  with  small  germs  contain  a  small  percentage  of  fat  or  oil 
and  reduced  feeding  value,  especially  for  fattening  animals.  (5)  Varie- 
ties with  good  root  and  leaf  development  are  usually  the  most  resistant 
ones  to  drought  and  insect  and  disease  ravages.  (6)  The  larger  the 
yield  in  grain  of  a  variety,  the  larger  the  percentage  of  ear  of  total  plant, 
the  heavier  the  grain  by  measure  and  the  less  pounds  (of  ear  com  is 
usually  required  to  shell  a  bushel.  (7)  The  smaller  the  yield  per  plant 
of  the  same  variety,  the  smaller  the  number  and  size  of  ears  and  kernels, 
as  well  as  the  number  of  grain  rows  within  quite  narrow  limits.  (8) 
The  higher  the  latitude  or  altitude  under  which  a  variety  was  originated, 
the  larger  the  percentage  the  ear  is  of  total  plant.  (9)  Increasing  the 
yield  of  any  variety  is  attended  by  an  increase  in  its  prolificacy  within 
narrow  limits. 
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THIRTY-THIRD  ANNUAL  REPORT 

of  the  Director  of  the 

N.  C-  AGRICULTURAL  EXPERIMENT  STATION 

for  the  Year  Ending  June  30,  1910 


By  the  Dibectob. 

During  the  year,  the  work  of  the  Station  has,  as  a  whole,  progressed 
fairly  satisfactorily.  Some  old  lines  of  investigation  have  been  prac- 
tically finished  and  many  new  ones  inaugurated.  It  is  believed  that 
the  activities  of  the  Station  are  becoming  more  and  more  potent  in 
the  development  of  the  agricultural  industries  of  the  State.  An  in- 
creasingly larger  number  of  farmers  are  reading  the  bulletins  issued 
on  diflFerent  economic  subjects  and  are  putting  into  practice  the  infor- 
mation which  they  contain. 

Below  is  given  a  brief  resume  of  the  working  of  the  institution, 
which  is  made  up  from  the  reports  of  the  different  workers  and  from 
the  observations  of  the  Director. 

DIVISION  OF  AGRONOMY. 

Much  of  the  time  of  this  Division  has  been  devoted  to  work  inci- 
dent to  the  continuation  of  experiments  in  progress  and  previously 
reported.  However,  some  new  lines  of  work  have  been  started  and  in 
some  cases  experiments  previously  reported  have  been  more  or  less 
modified  and  extended  in  accordance  with  the  light  afforded  by  a 
study  of  the  results  of  previous  years.  In  the  r^ular  fertilizer  series 
nine  plots  are  set  aside  to  study  the  effects  upon  the  soil. and  yield  of 
growing  such  legumtes  as  crimson  clover,  bur  clover,  hairy  vetch  and 
cowpeas  in  rotation  annually  with  corn  and  cotton  under  normal  ap- 
plications of  fertilizer  and  with  an  application  consisting  of  normal 
amounts  of  phosphoric  acid  and  potash  but  no  nitrogen.  On  prac- 
tically all  the  fertilizer  plots,  a  two-year  rotation  is  maintained  with 
com  and  cotton,  each  of  these  coming  in  alternate  years  on  the  same 
plots.  In  these  experiments  the  formula  for  the  different  individual 
plots  does  not  change  from  year  to  year,  but  the  proportion  of  the 
fertilizing  constituents  applied  does  vary  depending  upon  whether 
com  or  cotton  is  grown,  as  the  nonnal  application  for  the  two  crops 
id  entirely  different  '  Digitized  by  GoOglc 
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To  determine  the  effects  of  different  fertilizing  constituents  upiai 
the  yield  and  growth  of  corn  and  cotton,  eleven  plots  are  given  ovt  r 
to  a  study  of  applications  of  incomplete  fertilizer  combinations; 
twenty  to  combinations  in  which  the  phosphoric  acid,  potash  and 
nitrogen  are  used  in  varying  relations ;  twelve  to  different  quantities 
of  normal  mixtures;  thirty-six  to  different  carriers  of  nitrogen  such 
as  nitrate  of  soda,  sulphate  of  ammonia,  blood,  cotton  seed,  stable 
manure,  potash  manure,  beet  refuse  compound,  calcium  cyanamiJ 
and  solubilized  organic  nitrogen  applied  at  different  dates  with  normal 
quantities  of  phosphoric  acid  and  potash ;  four  to  normal  applications 
applied  all  at  planting  in  comparison  with  dividing  and  putting  in 
one-half  at  planting  and  reserving  the  remaining  one-half  for  a  side 
dressing  about  the  first  of  July ;  four  to  applications  of  lime  every 
four  years  alone  and  in  combination  with  normal  amounts  of  phos- 
phoric acid,  potash  and  nitrogen  at  the  rate  of  1,000  pounds  of  slaked 
lime  per  acre  broadcast;  and  six  to  different  methods  of  applying 
normal  quantities  at  planting.  In  addition  to  these,  with  cotton  ami 
corn,  thirty-three  plots  are  devoted  especially  to  a  study  of  the  value 
of  basic  slag;  twenty  to  finely  ground  phosphate  rock;  fifteen  to 
Peruvian  Guano  as  carriers  of  phosphoric  acid  for  these  crops.  Six- 
teen distance  and  sixty-five  variety-distance  with  corn  and  cotton  are 
also  in  progress.  In  a  study  of  varieties  of  different  crops  the  tests 
embrace  fifty-five  of  corn,  thirty-nine  of  cotton,  thirty-one  of  cowpea^ 
seventeen  of  soy  beans,  twenty-four  of  oats,  fourteen  of  wheat,  six  of 
adsuki  beans  and  two.  of  seta  beans.  In  the  work  with  varieties  of 
com  especial  attention  is  given  to  a  study  of  the  relation  that  soil 
fertility,  distance  between  stalks,  production  of  suckers,  manuring 
and  prolificacy  in  ears  sustain  to  each  other  and  to  yield  per  acre  for 
each  variety.  Four  one-quarter  acre  plots  are  being  used  to  study  the 
relative  value  for  seed  purposes  and  as  yielders  of  (1)  kernels  from 
the  tips,  (2)  kernels  from  the  butts,  (3)  kernels  from  the  middle  of 
ears,  and  (4)  all  kernels  together  from  the  ears.  Of  the  varieties  of 
legumes  thus  far  tested  the  best  yielders  of  co^vpeas  have  been  found 
to  be  Whippoorwill  and  Small  Black ;  and  of  soy  beans.  Mammoth  and 
Haberlandt.  In  the  tests  last  year,  adsuki  and  seta  beans  did  not 
yield  as  much  seed  as  did  soy  beans  planted  under  the  same  condi- 
tions, but  they  give  evidence  of  worth  as  they  produced  more  hay  per 
acre  than  did  the  soy  beans. 

Selective  breeding  experiments  are  well  under  way  with  wheat  and 
cotton.  With  wheat  the  experiments  are  planned  to  determine  whether 
one  careful  initial  selection  followed  by  multiplication  in  the  field 
is  as  effective  in  the  improvement  of  wheat  as  continuous  field  selec- 
tion, while  with  cotton  cross-breeding  of  the  J?E§§$bj4Ml^)Jf?^  ^^"^ 
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see<l  selected  in  the  field  from  the  most  desirable  parents,  are  used 
with  the  hope  of  securing  strains  of  cotton  of  superior  worth. 

During  the  year,  co-operative  field  tests  with  seven  each  of  the  best 
varieties  of  cotton  and  of  com  have  been  started  with  twenty-one 
farmers  located  in  different  counties.  The  experiments  are  designed 
to  af)ply  the  results  secured  by  the  Station  to  the  different  soils  and 
MH-tions  of  the  State  and  to  determine  the  value  of  seed  of  the  most 
promising  varieties  of  these  two  crops  in  comparison  with  the  aver- 
age seed  and  with  seed  of  the  best  local  varieties. 

This  Division  is  co-operating  with  the  Bureau  of  Plant  Industry  in 
<  arrying  on  co-operative  tillage  experiments  to  determine  the  relative 
value  of  different  methods  of  breaking  and  cultivating  land  for  such 
crops  as  cotton  and  corn,  and  also  in  a  study  of  the  relative  value  of 
different  varieties  of  cowpeas,  soy  beans,  adsuki  beans  and  seta  beans 
from  the  standpoint  of  yield  of  seed  and  hay,  vigor,  date  of  maturing, 
habit  of  growth  and  power  to  hold  leaves. 

In  the  work  on  the  production  of  suckers,  embracing  a  study  of 
fifty-five  varieties  of  com,  many  interesting  and  economic  features 
are  developing  as  the  investigations  progress.  In  these  experiments,  it 
has  been  observed  that  Senders'  Improved,  Biggs'  Seven-ear,  Cocke's 
Pn)Hfic  and  Weekley's  Improved  varieties  are  all  prolific  and  are  the 
Ix^st  average  yielders  of  grain  per  acre. 

Crimson  clover  alone  or  with  oats  and  wheat;  or  oats,  wheat  or 
rye  alone  or  with  vetch  are  being  used  on  practically  all  the  Station 
farms  as  winter  cover  crops  after  cotton,  corn,  cowpeas,  soy  beans  and 
small  grains. 

DIVISION  OF  CHEMISTRY. 

The  activities  of  this  Division  have  been  devoted  largely  to  work  in 
connection  with  investigations  carried  on  to  study  the  nature  of  nitro- 
gen metabolism  in  the  soil  and  the  nature  and  cause  of  the  toxicity  of 
cttttonseed  meal  when  fed  to  swine.  Efforts  have  been  made  to  devise 
nietho<ls  for  the  determination  of  the  nitrifying  and  ammonifying 
power  of  different  soils.  Contrary  to  a  belief  long  accepted  as  true, 
results  have  shown  rather  conclusively  that  there  is  absolutely  no  rela- 
tion whatever  between  the  ammonification  and  nitrification  of  soils 
in  their  natural  state  and  in  solutions.  In  the  nitrification  studies, 
which  are  being  conducted  in  co-operation  with  the  Biological  Divi- 
<\on^  the  Chemical  Division  has  found  many  serious  defects  in  recog- 
nized standard  methods  for  the  determination  of  nitrogen  in  its  sev- 
^-ral  forms  which  it  has  endeavored  to  overcome  at  the  expenditure  of 
considerable  effort  and  time,  by  change  or  modification  of  the  method 
or  substitution  of  a  new  one.  The  diphenylamine  test  for  nitrates 
has  been  so  modified  that  it  may  now  be  used  to  detect  one  part  of 
nitrogen  in  forty  to  fifty  million.     That  portion  of  the  investigation 
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in  soil  bacteriology,  pertaining  more  particularly  to  the  bacteriologi- 
cal aspect  of  the  subject,  is  referred  to  elsewhere  in  discussing  the 
work  of  the  Biological  Division.  During  the  year,  3,725  chemical 
determinations  have  been  made  in  connection  with  this  investigation. 

In  the  cottonseed  meal  work  this  Division  is  co-operating  with  the 
Animal  Husbandry  and  Veterinary  Divisions.  In  connection  with 
these  investigations  445  chemical  analyses  have  been  made,  and 
thirty-eight  different  kinds  of  extractive  solutions  from  thirty-three 
different  kinds  of  feeds  have  been  prepared  for  feeding  to  pigs  and 
guinea  pigs,  and  injecting  hypodermically. 

Analyses  have  been  made  of  the  meal  for  different  oi^nic  and  in- 
organic substances,  and  of  the  extracts  made  by  the  more  common 
chemical  solvents.  The  liVer,  kidneys,  bones  and  tissues  of  pigs  dying 
from  cottonseed  meal  poisoning  have  been  subjected  to  chemical  tests 
for  the  presence  of  zinc  and  copper.  These  were  found  in  extremely 
small  amounts,  but  not  in  sufficient  quantities  to  be  injurious.  Neither 
was  the  presence  of  any  other  inorganic  substance  detected  which 
might  be  the  cause  for  the  fatal  results  following  the  feeding  of  the 
meal.  It  has  been  found  that  the  insoluble  residues  from  all  solvents 
tested  is  more  or  less  toxic,  and  that  the  ash  from  the  meal  is  harm- 
less. In  the  light  of  recently  published  claims  that  the  toxicity  of 
cottonseed  meal  is  due  chiefly  to  the  presence  of  a  salt  of  pyro-phos- 
phoricacid,  a  lot  of  the  type  of  cotton  seed  claimed  to  furnish  harm- 
less extracts  and  meal  from  them  which  is  toxic  have  been  secured  to 
further  the  investigational  studies  and  to  determine  if  in  any  way 
the  form. of  phosphoric  acid  in  these  bears  any  relation  to  their  tox- 
icity when  fed  to  swine. 

DIVISION  OF  BIOLOGY. 

The  workers  of  this  Division  have  confined  their  attention  this  year 
largely  to  the  continuation  of  investigations  previously  mentioned. 
Although  the  laboratory  work  in  connection  with  the  lettuce  drop  in- 
vestigations has  practically  been  completed  and  the  results  put  in 
shape  for  publication,  it  is  planned  to  continue  the  field  studies  for  a 
time  largely  in  order  to  determine  if  practical  eradication  can  be 
effected  by  methods  based  upon  knowledge  secured  in  the  laboratory 
studies.  Last  year  without  the  use  of  preventive  measures,  more  than 
fifty  per  cent  of  the  lettuce  plants  in  the  cold  frames  were  destroyed 
before  attaining  a  marketable  size,  while  this  year  by  observing  cer- 
tain precautions  there  was  practically  no  evidence  of  the  pr^enee  of 
the  disease  in  the  beds,  as  there  were  only  three  plants  affected  out  of 
twelve  hundred  in  the  beds.  As  this  disease  entails  thousands  of  dol- 
lars of  damage  to  the  lettuce  industry  of  this  and  other  States,  the 
working  out  of  practical  methods  for  its  suppression  or  control  means 
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much  to  the  growers  of  this  crop.  The  Division  has  continued  a 
cooperative  Plant  Disease  Survey  of  the  State  with  the  Bureau  of 
Plant  Industry  on  practically  the  same  basis  as  reported  in  previous 
years.  Apple  canker,  black  leg  of  Irish  potatoes,  persimmon  blight, 
ergot  of  paspalum  and  gama  grass,  and  egg-plant  wilt  have  been 
collected  and  studied  in  the  laboratory  under  this  survey. 

The  tobacco  wilt  investigations  which  are  being  conducted  at  Creed- 
moor  have  been  much  enlarged  by  entering  into  co-operative  relations 
with  the  Bureau  of  Plant  Industry.  A  field  study  is  being  made 
this  year  of  twenty-nine  selections  from  Italian,  Sumatra  and  native 
types  of  tobacco.  Last  year  the  strains  under  experiment  showed  an 
average  resistance  to  the  disease  of  seventy-two  per  cent  for  the  Italian 
and  seventy-four  for  the  Sumatra  types.  The  progeny  from  three  re- 
sistant native  plants  found  in  a  badly  infected  field  are  being  used 
to  further  the  work  this  year.  Fourteen  plots  have  been  put  out  on 
badly  infected  soil  to  study  the  effects  upon  the  wilt  of  treatments 
with  different  fertilizing  materials  and  chemicals  combined  in  dif- 
ferent ways. 

This  Division  has  continued  its  co-operation  with  the  Chemical 
Division  in  soil  bacteriological  studies.  Results  secured  in  these  joint 
experiments  show  that  nitrification  and  ammonification  do  not  take 
place  in  soils  as  in  solutions  and  that  the  results  obtained  by  the  use 
of  one  medium  can  not  be  taken  as  an  index  of  what  will  occur  in  the 
other  medium.  These  studies  have  developed  the  fact  that  a  large 
I)ercentage  of  the  soils  of  North  Carolina  possess  little  or  no  appreci- 
able nitrifying  power.  The  investigations  have  been  extended  to  em- 
brace small  plot  tests  conducted  under  bacteriological  control  and  de- 
>igned  to  determine  the  acceptability  of  ammoniacal  nitrogen  in  cc«n- 
parison  with  nitrate  nitrogen. 

The  melon  wilt  experiments  which  the  Division  has  been  conduct- 
ing co-operatively  with  the  Bureau  of  Plant  Industry  have  been  con- 
tinued. Seed  of  eighteen  selections  from  resistant  plants  were  planted 
this  season.  Last  year  not  only  a  resistance  of  more  than  ninety  per 
cent  was  secured,  but  most  of  the  melons  were  of  good  quality  and  of 
marketable  size. 

During  the  year  the  section  of  a  bulletin  on  the  disease  of  the  apple 
and  the  pear  and  their  treatment  has  been  prepared  by  the  Biologist. 

DIVISION  OF  POULTRY. 

The  work  of  the  Poultry  Division  has  been  conducted  during  the 
year  largely  along  the  same  general  lines  as  previously  reported.  The 
studies  in  connection  with  the  management  of  incubators  and  brooders 
and  of  various  systems  of  feeding  and  cai-e  of  young  chicks  and  old 
stock  is  being  continued.  °  9'^'"^^  ^y  VjUU^ le 
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During  the  summer  in  feeding  diflFerent  rations  to  twelve  different 
pens  of  hens,  it  was  found  among  other  things  that  supplementing  a 
mash  consisting  of  equal  parts  of  corn  meal  and  wheat  bran  with  a 
daily  allowance  of  one-half  pound  of  skim-milk  per  individual  that 
this  ration  gave  the  cheapest  production  of  eggs  and  the  largest  gain^ 
in  weight,  and  brought  the  hens  through  the  moulting  period  in  better 
condition  than  any  other  of  the  rations  fed.  In  the  winter,  althouirh 
the  cheapest  eggs  were  secured  from  hens  fed  on  cottonseed  meal  with 
the  above  mash,  the  largest  profits  per  hen,  however,  were  made  from 
a  ration  in  which  a  mixture  of  bone  meal  and  meat  meal  entered  into 
the  corn  meal  and  wheat  bran  mash  as  hens  fed  on  this  mixture  laid  a 
much  larger  number  of  eggs  than  did  those  fed  on  the  ration  in  which 
cottonseed  meal  entered ;  hence  more  than  making  up  in  quantity 
what  was  deficient  in  cost  per  dozen.  In  all  the  feeding  work  it  has 
been  observed  that  hens  have  done  better  on  a  cottonseed  meal  ration 
than  have  pullets.  It  has  not  been  possible  thus  far  to  induce  the 
fowls  to  eat  as  much  of  the  meal  as  was  considered  necessary  for  best 
results. 

Lots  have  been  provided  in  which  to  grow  green  crops  for  the  fowls 
to  range  on.  It  is  planned  to  have  the  crops  come  in  suocession 
and  to  conduct  experimental  feeding  tests  with  different  rations  while 
the  fowls  are  ranging  on  the  growing  crops.  It  is  the  aim  that  the 
succession  of  croi)s  that  will  be  worked  out  and  used  will  be  such  as 
may  be  grown  on  most  of  the  farms  of  the  State,  for  it  is  felt  that 
work  along  this  line  is  fraught  with  great  possibilities  and  economic 
value. 

The  Poultryman  has  in  course  of  preparation  for  publication  a 
bulletin  giving  the  results  secured  in  feeding  tests  by  the  Division 
with  hens  and  pullets  on  many  combinations  fed  under  widely  vary- 
ing conditions  during  the  past  two  years. 

DIVISION  OF   HORTICUI.TURE. 

The  energies  of  the  Horticultural  Division  have  largely  been  di- 
rected along  the  line  of  investigations  into  the  nature  and  cause  of 
double  flower  in  dewberries  and  blackberries.  The  work  has  Ix^en 
carried  on  simultaneously  in  the  field  and  with  the  microscope  in  the 
laboratory  with  twenty-three  varieties  of  blackberries  and  fifteen 
varieties  of  dewberries,  and  results  secured  during  the  year  seem  to 
indicate  that  a  fungus  is  intimately  associated  with  if  not  the  cau?e 
for  this  abnormality  of  growth.  In  the  light  of  these  results,  inocula- 
tions with  the  fungus  always  found  present  in  affected  plants,  are 
being  made  into  normal  buds  of  healthy  plants  to  determine  if  double 
flower  can  thus  be  induced.  At  the  same  time  in  the  field,  spraying 
experiments  are  being  conducted  to  study  the  effects  ^different  treat- 
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nionts  upon  the  developiiient  of  this  trouble.  Thus  far  double  flower 
has  develoi)ed  only  on  the  Wilson  blackberry  and  the  Lucretia  dew- 
lK*rry,  it  being  much  worse  on  the  former  than  on  the  latter.  Wild 
blackberries  in  the  neighborhood  of  the  Station  are  usually  badly 
aflFected  with  this  growth. 

During  the  year,  the  self -sterility  experiments  have  been  enlarged 
to  embrace  muscadine  grapes  in  addition  to  blackberries  and.dew- 
l»erries.  In  these  investigations,  an  effort  is  being  made  by  field  and 
microscopic  studies  to  determine  not  only  what  varieties  are  self- 
sterile  and  what  varieties  or  types  will  be  best  to  use  to  fertilize  these 
?elf-sterile  types,  but  to  ascertain  the  cause  or  causes  for  this  sterility. 
With  the  self-fertile  varieties  some  work  is  being  carried  on  to  de- 
t(  rniine  \yhether  cross-pollination  gives  better  results  or  not  than  self- 
]K)llination.  Of  the  fifteen  varieties  of  dewberries  that  are  being 
worked  with,  it  has  been  found  that  Premo,  Chestnut,  Manatee, 
White,  San  Jacinto  and  Rogers  are  self-sterile  or  practically  ?o. 
With  all  the  varieties  of  blackberries  and  dewberries  under  experi- 
ment, field  observations  are  being  made  as  to  the  flowering  and  fruit- 
ing periods  of  each  as  well  as  to  the  amount  and  character  of  berries 
produced. 

With  muscadine  grapes  the  investigations  embrace  a  study  of  the 
Scu[)pemong,  James,  Misch,  Flowers  and  Thomas  varieties.  Many 
vines  produced  by  cross-fertilization  are  now  being  grown  in  the 
gref  n-h  ;use  and  field  for  the  purpose  of  studying  inherited  characters. 

Some  work  is  being  conducted  to  determine  the  cause  or  causes  for 
the  variations  in  the  size  of  the  clusters  of  grapes  of  the  scuppernong. 
Als<i  a  study  is  being  made  of  various  methods  of  heading-in  of  young 
apple  trees,  and  the  conditions  surrounding  and  the  cause  for  the 
jn-mature  dropping  of  figs. 

During  the  spring  the  Horticulturist  prepared  a  Bulletin  on  fig 
growing. 

DIVISION    OF  ANIMAL    HUSBANDRY. 

The  Animal  Husbandry  Division,  co-operating  with  the  Chemical 
aud  Veterinary  Divisions,  has  been  engaged  largely  in  aiding  in  car- 
ryiug  forward  investigations  planned  to  work  out  the  nature  and 
cause  of  the  joisoning  resulting  from  prolonged  feeding  of  cottonseed 
meal  to  swine.  A  good  many  extracts  and  residues  have  been  pre- 
parerl,  fed  and  the  results  carefully  noted  and  recorded.  During  the 
year  guinea  pigs  have  been  used  chiefly  for  the  experiments  as  it 
has  been  found  that  meal-feeding  results  (Hjually  disastrously  when 
fed  to  them.  Other  advantages  in  their  use  are  that  they  respond 
more  quickly,  require  less  financial  outlay  and  entail  much  less  loss 
ujKm  death.  Recent  experiments  have  demonstrated  rather  conclu- 
sively that  souring  or  cooking  before  feeding  renders  the  meal  less 


12  THIBTY-THIBD   ANNUAL    REPORT 

harmful  to  the  ho^  than  when  fed  in  the  raw  condition.  A  sow  with 
an  initial  weight  of  thirty-three  pounds  was  fed  three  hundred  and 
twenty-six  days  on  a  cooked  ration  of  .cottonseed  meal  and  com  meal, 
the  cottonseed  meal  varying  from  one-half  to  two  pounds  per  day, 
before  death  resulted.  During  the  experiment  the  sow  ate  414  pounds 
of  cottonseed  meal.  Results  indicate  that  cottonseed  meal  should  not 
be  fed  to  suckling  pigs  in  any  quantity  or  form  as  their  growth  is 
materially  checked  thereby.  A  combination  of  cottonseed  meal  and 
shelled  com  in  the  proportion  of  1  to  4  has  proven  to  be  a  more 
eflScient  ration  for  hogs  than  linseed  meal  and  corn  in  the  sam^  pro- 
portion ;  cottonseed  meal  and  shelled  com  in  the  proportion  of  1  to  7 ; 
or  com  alone.  Experimental  evidence  is  in  hand  to  show  that  brood 
sows  should  not  be  maintained  in  too  high  a  condition  at  farrowing 
time,  for  such  a  condition  prevents  normal  delivery.  The  experi- 
mental feeding  of  cottonseed  meal  to  horses  and  mules  has  continueil 
through  most  of  the  year,  and  niuch  valuable  data  with,  reference  to 
the  value  of  this  concentrate  as  a  supplementary  feed  to  com  has  been 
secured.  The  results  seem  to  indicate  that  the  meal  may  be  fed  with 
profit  by  farmers  to  their  work  stock  if  proper  precautions  are  ob- 
served in  its  feeding.  During  the  late  fall  and  winter  twenty-one 
mountain  steers  were  fed  experimentally  at  the  Station  farm.  Cot- 
tonseed meal  was  used  as  the  concentrate  and  a  test  was  made  of  the 
relative  value  of  cottonseed  hulls,  com  silage,  and  a  mixture  of  corn 
stover  and  silage  as  roughages  for  beef -production.  Although  fairly 
satisfactory  gains  were  made  from  all  the  comibinations,  the  most 
economical  ones  were  secured  from  those  rations  in  which  com  silage 
entered. 

The  experiments  outlined  to  study  the  relative  value  of  diflFerent 
green  and  root  crops  in  continuous  rotation  for  pork  production  are 
being  broadened  and  continued.  This  work  is  being  carried  out  on 
numerous  one-half  acre  lots  and  the  hogs  are  turned  in  and  allowed 
to  graze  the  crops  at  their  pleasure.  Everything  considered,  a  mix- 
ture of  Canada  field  peas  and  oats  sown  in  the  fall  has  afforded  the 
most  satisfactory  grazing  combination  for  hogs  thus  far  tried. 

For  the  grading  experiment  which  is  well  under  way,  a  pure  Berk- 
shire sire  is  used  on  a  typical  "razor  back"  sow.  In  this  experiment 
an  effort  is  being  made  to  demonstrate  the  marked  effects  upon  the 
progeny  of  breeding  such  a  ?ow  to  a  boar  of  good  blood.  It  is  planned 
to  carry  on  this  work  through  several  generations  and  keep  a  complete 
set  of  photographic  and  other  records.  Something  should  be  expected 
from  the?e  experiments  that  will  have  not  only  a  scientific  value  but 
a  practical  adaptation. 

During  the  year,  a  bulletin  on  hog  raising  has  been  prepared  by  the 
Animal  Husbandman  and  published. 

Digitized  by  VjUUV  It: 
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DIVISION  OF  DAIRY  HUSBANDRY. 

The  dairy  Husbandman  has  devoted  much  attention  to  experi- 
mental work  in  connection  with  the  preparation,  packing  and  shipping 
of  cottage  cheese  and  neufchatel  cheese.  The  studies  have  embraced 
a  determination  of  the  best  degrees  of  moisture  and  temperature  at 
which  to  hold  both  kinds  of  cheese ;  the  optimum  percentage  of  cream 
to  add;  the  value  of  pasteurizing  cream  or  milk  before  adding  to 
the  cheese ;  the  best  kind  of  containers  in  which  to  place  the  products 
upon  the  market;  and  effects  of  storing  imder  different  conditions 
upon  the  keeping  qualities  of  each. 

In  making  the  cheese  pure  lactic  acid  bacteria  cultures  have  been 
used  to  hasten  the  curdling  and  draining  of  the  cheese  before  for- 
eign organisms  can  gain  entrance  and  make  much  headway.  The  old 
process  is  open  to  the  objection  that  through  the  slow  souring  un- 
desirable organisms  are  given  a  chance  to  develop  and  hence  the 
cheese  frequently  has  an  off  flavor. 

The  method  previously  mentioned  for  the  manufacture  of  cottage 
cheese  has  been  greatly  simplified  and  improved ;  and  a  new  one  for 
making  neufchatel  cheese  has  been  devised. 

The  results  of  the  feeding  experiments  which  have  been  conducted 
with  dairy  cows  to  determine  the  relative  value  of  medium  and  narrow 
rations  for  the  production  of  milk  and  cream  have  been  put  in  shape 
for  publication.  They  not  only  indicate  strongly  the  feasibility  of 
feeding  the  narrow  ration  under  Southern  conditions,  but  strengthen 
the  belief  that  in  economical  milk  production  the  ratio  of  protein  and 
carbohydrates  should  be  varied  not"  only  with  the  flow  and  richness  of 
the  milk,  but  also  somewhat  according  to  cost  of  materials  supplying 
these  two  classes  of  nutrients. 

The  cottonseed  meal  feeding  experiments  with  dairy  cows  have 
shown  that  this  feed  has  practically  the  same  feeding  value  measured 
by  milk  and  cream  production,  as  linseed  meal  which  costs  about 
one-fifth  more  per  ton.  It  has  also  been  found  in  the  experiments 
that  cottonseed  meal  may  be  fed  as  one-third  of  the  concentrate  ration 
with  corn  silage  to  cows  up  to  calving  without  ill-effects  to  either  the 
cow  or  calf. 

Feeding  cottonseed  meal  to  twenty  heifers  varying  in  age  from  six 
to  eighteen  months  in  quantities  ranging  from  one-half  to  three- 
quarters  of  a  pound  daily  per  animal,  in  connection  with  equal 
amounts  each  of  wheat  bran  and  corn  meal  has  given  quite  satisfac- 
tory results.  The  roughage,  consisting  of  corn  silage  and  cowpea-vine 
hay,  was  supplied  in  quantities  which  the  calves  would  consume. 

The  investigations  carried  on  during  the  year  by  this  Division  to 
determine  what  results  follow  the  feeding  of  old  pasteurized  milk  and 
skim-milk  soured  by  pure  lactic  acid  cultures  have  shown  that  scours 
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are  not  induced  by  feeding  either,  unless  the  pasteurized  milk  is 
badly  curdled. 

DIVISION  OF  ENTOMOLOGY. 

During  the  year  this  Division  has  devoted  attention  to  life  history 
studies  of  two  species  of  melon  worms.  Field  work  was  carried  on 
during  the  fall  and  again  resumed  in  the  spring  as  soon  as  material 
appeared.  Cantaloupes  have  been  planted  on  the  Station  farm  at 
different  dates  to  supply  the  worms  with  material  on  which  to  feed 
throughout  the  summer.  The  field  studies  are  being  supplemented  by 
those  made  on  the  worms  under  control  conditions  in  a  wire  cage. 
The  Entomologist  spent  some  time  during  the  early  fall  in  webworm 
studies,  but  they  did  not  make  their  appearance  then  in  sufficient 
numbers  in  the  vicinity  of  Raleigh  to  justify  the  taking  up  of  system- 
atic life  history  investigations.  The  results  thus  far  secured  setm 
to  indicate  that  the  webworm  is  unable  to  survive  our  winters  success- 
fully. Also  the  life  history  studies  and  field  observations  would  Ic  ad 
to  the  belief  that  poison  sprays  will  be  effective  against  the  attacks  of 
this  insect.  The  worH  which  has  been  done  with  the  harlequin  cal)- 
bage  bug  has  demonstrated  that  this  pest  can  be  controlled  to  a  lar<;e 
extent  by  picking  the  adult  bugs  that  appear  early  in  the  spring  lie- 
fore  they  have  deposited  any  eggs,  and  then  treating  those  which 
ap}:.ear  later  with  kerosene  emulsion. 

A  further  study  has  been  made  of  the  effectiveness  of  spraying 
apple  trees  for  San  Jose  scale  with  lime-sulphur  wash  and  for  codling 
moth  with  a  solution  of  three  pounds  of  arsenate  of  lead  to  fifty  gal- 
lons of  Bordeaux  mixture. 

Other  insects  studied  are  the  apple  woolly  aphis,  elm  leaf  beetle, 
wire  worm,  com  stalk  borer,  catalpa  sphinx,  flea  beetle,  Hessian  fly 
and  strawberry  weevil. 

During  the  year,  the  Entomologist  has  prepared  a  bulletin  on 
cucurbitaceous  insects  and  aided  in  the  preparation  of  one  on  the  in- 
sects and  fungus  diseases  of  the  apple  and  pear.  There  is  much  de- 
mand by  farmers  for  information  with  reference  to  insect  pests  ami 
successful  methods  for  their  destruction  or  control. 

DIVISION  OF  VETERINARY  SCIENCE. 

The  efforts  of  this  Division  have  Ix^en  practically  confined  to  co- 
operative investigations  with  the  Chemical  and  Animal  Husbandry 
Divisions  designed  to  ascertain  the  nature  and  cause  for  the  toxicity 
of  cottonseed  meal  when  fed  to  swine  and  guinea  pigs.  An  attempt 
has  been  made  to  determine  all  the  pathological  conditions  induce<l  by 
continued  feeding  of  the  meal.  Daily  ante-mortem  ol)servations  on 
the  weight,- pulse,  temperature,  respiration  and  th^^cggpgi^l^ondition 
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of  the  pigs  and  guinea  pigs  under  experimentation  have  been  care- 
fullj^  made  and  recorded.  With  most  of  the  animals  post-mortems 
have  been  held  and  microscopic  examination  of  the  spleen,  liver,  kid- 
neys and  heart  has  taken  place,  and  in  a  few  instances  observations 
have  been  made  on  the  lungs,  lymphatic  glands,  brain  and  spinal  cord. 
Uniformly  with  the  kidneys  and  liver,  it  was  found  that  a  marked 
congestion  of  the  minute  blood-vessels  had  taken  place  and  that  a 
condition  known  as  cloudy  swelling  had  developed  which  marked  the 
beginning  of  degeneration.  The  heart  showed  much  the  same  condi- 
tion, but  here  it  was  neither  so  uniform  or  pronounced.  When  any 
alteration  was  observed  in  the  spleen  it  was  accompanied  by  an  excess 
of  blood  corpuscles,  indicating  congestion.  A  good  many  blood  read- 
ings have  been  made  to  determine  the  number  and  nature  of  the  cor- 
puscles ;  percentages  of  total  solids  and  hsemoglobin ;  and  the  specific 
gravity  of  the  blood  of  hogs  fed  cottonseed  meal  as  a  supplementary 
feed. 

Macrodcopically,  the  lungs  have  shown  normal,  congested,  hepatized 
and  (Edematous  areas,  this  being  uniformly  more  comanon  with  the 
swine  than  in  the  guinea  pigs. 

The  Veterinarian  has  devoted  a  small  amount  of  time  in  co-opera- 
tive work  with  the  State  Department  of  Agriculture  in  the  prepara- 
tion of  hog  cholera  serum  and  in  the  use  of  this  in  a  few  outbreaks 
of  this  scourge  in  several  herds  in  different  portions  of  the  State. 
The  results  have  been  such  as  to  commend  this  treatment  to  more 
general  use. 

NEW  BUII-DINGS  AND  EQUIPMENT. 

For  fire  protection  and  to  meet  the  urgent  demands  at  the  farm,  a 
.%,000-gallon  covered  cypress  tank  on  a  forty-foot  galvanized  steel  sub- 
structure has  been  installed.  To  elevate  the  water  from  a  43-foot 
well  into  the  tank  for  distribution  to  the  different  buildings  and  lots, 
a  three-horse-power  vertical  gasoline  engine,  and  suitable  pump  with 
jack  with  necessary  piping  have  been  provided.  A  tool  and  imple- 
ment shed,  70  feet  by  35  feet ;  four  cattle  pens ;  four  colony  poultry 
houses ;  a  smaller  shed  to  barn  at  poultry  plant ;  scales  and  scale  rack ; 
and  more  than  1,000  yards  of  wire  fencing  have  been  put  in  place.  A 
4r)-bushel  manure  spreader,  a  feed  grinder,  two  mules  and  a  horse 
have  been  purchased  during  the  year. 

NEEDS  OF  THE  STATION. 

This  Station  is  greatly  handicapped  by  lack"  of  funds  which  may  be 
n«ed  for  building  purposes  and  for  co-operative  work  with  farmers. 
There  is  now  great  need  for  a  large  new  barn,  a  comfortable  house  for 
the   Superintendent  to  live  in  and  other  buildings  for  housiM J;he^ 
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stock  and  implements  which  are  or  should  be  at  the  farm.  In  the  last 
published  annual  report  of  the  Director  of  the  Office  of  Experiment 
Stations  to  the  Secretary  of  Agriculture  he,  among  other  things, 
stated:  "The  North  Carolina  Station  is  wholly  dependent  upon 
Federal  funds  for  its  support.  In  view  of  the  restrictions  surround- 
ing the  use  of  these  funds,  a  supplementary  State  appropriation 
under  less  restriction  is  essential  to  the  highest  efficiency  of  the 
Station." 

It  is  held  that  we  can  not  use  Hatch  or  Adams  funds  for  paying 
the  expenses  incurred  in  any  form  of  extension  work,  nor  for  printing 
except  from  the  Hatch  funds  in  printing  results  of  experimental  work 
which  has  been  carried  on  by  the  Station. 

Only  $750.00  annually  of  the  Hatch  funds  can  be  used  for  build- 
ing and  repairs.  The  average  income  of  the  Experiment  Stations  of 
the  United  States  from  sources  provided  by  the  several  States  is  somt- 
thing  like  $20,000  annually.  As  North  Carolina  is  not  appropriatiuir 
one  cent,  the  North  Carolina  Station  is  not  keeping  pace,  nor  can  it, 
with  the  advancement  that  is  being  made  by  other  Stations  of  the 
Union  located  in  States  that  are  aiding  the  Stations  by  direct  appro- 
priation and  in  other  ways  financially. 

BULLETINS. 

Bulletins  have  been  issued  as  follows: 

No.  205. — Insect  Enemies  of  Cantaloupes,  Cucumbers  and  Belated 
Plants,  by  R.  I.  Smith. 

No.  206. — Insects  and  Fungous  Diseases  of  Apple  and  Pear,  by  R.  I. 
Smith  and  F.  L.  Stevens. 

No.  207. — Hog  Raising  in  North  Carolina,  by  R.  S.  Curtis. 

No.  208. — Fig  Culture  in  North  Carolina,  by  F.  C.  Reimer. 

No.  21,— (Press  Bulletin)  Treatment  of  Oats,  Wheat,  Rye  and  Bar- 
ley for  Smut,  by  F.  L.  Stevens. 
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REPORT  OF  CHEMIST. 

The  work  of  the  Chemical  Division  during  the  year  ended  June  30, 
1910,  has  related  mainly  to  investigations  in  soil  bacteriology  and  to 
investigations  as  to  the  toxicity  of  cottonseed  meal.  Largely  incidental 
fo  these  main  lines  of  work  we  have  been  led  to  the  studies  of  the 
phenol  disulphonic  acid  method  for  determining  nitrates,  of  the  Syme 
modification  of  this  method,  of  the  Tiemann-Schulze  method  for  the 
determination  of  nitrates,  of  the  Pickel  condenser  in  ammonia  deter- 
minations, of  the  Kellerman  and  Robinson  method  for  estimating  nitri- 
fication, of  the  composition  of  guinea  pig  urine,  of  the  mineral  matter 
in  the  viscera  of  swine,  and  have  modified  the  diphenylamine  test  for 
nitrites  and  nitrates  so  as  to  make  it  very  much  more  delicate. 

In  addition  to  these  we  have  made  several  determinations,  which 
may  be  classed  as  miscellaneous. 

SOIL    BACTERIOLOGY. 

The  work  in  soil  bacteriology  has  been  in  co-operation  with  the 
Divifiion  of  Bacteriology  and  has  included  .the  analysis  of  1738  soils 
and  solutions  as  follows: 

Soils  from  Experimental  plats 282 

Soils  from  Experimental  pots 68 

Soils  from  Soil  Survey  of  North  Carolina 646 

Soils  from  other  studies  in  nitrification 682 

Solutions  for  Soil  Survey 42 

S«)lutionH  for  Nitrification  studies 28 

ToUl    1,738 

The  3725  determinations  involved  in  this  work  have  consisted  of  the 
following : 

Aciditv    11 

Volatile  Matter  32 

Humus    .• . . .  43 

Nitrogen — Modified    Kjeldahl    47 

Ammonia  by  Magnesium  Oxide 487 

Nitrites  and  Nitrates — Diphenylamine 581 

Nitrites  by  Griess  Method 1,259 

Nitrates  by  Phenol  Disulphonic  Acid 297 

Nitrates  by  Tiemann-Schulze  Method 968 

Total   3.725 

Articles  entitled  Studies  in  Soil  Bacteriology  TT,  III  and  TV  have 
U'«»n  published  in  the  Centralblatt  fiir  Bakteriologie,  Parasitenkunde  und 
Tnfoktionskrankheiten,  and  papers  embodying  the  results  of  this  work  are 
submitted  herewith  for  publication  as  a  part  of  this  report.  A  paper 
was  read,  embodving  some  of  these  results,  before  the  Xorth  Carolina 
Academy  of  Science  at  its  May,  1910,  meeting. 
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TOXICITY  OF  COTTONSEED  MEAL. 

This  work  6as  been  in  co-operation  with  the  Animal  Husbandry  and 
Veterinary  Divisions.  This  Division  has  prepared  140  kilograms  of 
feeding  stuffs  as  follows : 

23  kinds  for 386  guinea  pigs 

4  kinds  for 8  swine 

6  kinds  of  extracts  for 13  rabbits 

Total 33  kinds  of  feed  for 407  animals  and 

5  kinds  of  solutions  for  hypodermics  for  30  guinea  pigs. 

The  swine  and  the  guinea  pigs  were  fed  by  the  Animal  Husbandry 
Division  and  the  rabbits  by  the  Chemical  Division.  The  hypodermics 
were  administered  by  the  Veterinary  Division  and  all  post-mortems  wer? 
by  the  latter  Division. 

The  analytical  work  has  consisted  of  445  determinations  in  36  sample-* 
of  cottonseed  meal  and  its  fractions,  as  follows : 

Moisture 19 

Ash 11 

Complete  Inorganic  Qualitative  and  Microscopic  analysis 5 

Free  hydrochloric  acid   186 

Sugar 26 

Sulphur , 2 

Nitrogen   53 

Phosphoric  Acid,  total  44 

Phosphoric  Acid,  salt  soluble 2 

Phosphoric  Acid,  citrate  insoluble 14 

Carbon  4 

Copper 9 

Zinc   2 

Manganese  2 

PHENOL  DISULPHONIC  ACID  METHOD  FOR  DETERMINING  NITRATK8. 

This  method  is  described  in  Bulletin  31  of  the  Bureau  of  Soils  of  the 
United  State's  Department  of  Agriculture  (page  39).  We  have  made  test* 
of  this  method,  using  solutions  containing  known  amounts  of  nitrate* 
end  find  that  it  is  not  very  accurate.  We  also  tried  extracts  of  soil  to 
which  known  amounts  of  nitrates  were  added  and  found  that  the  nietho«i 
did  not  accurately  show  this  difference.  But  notwithstanding  its  inac- 
curacy, we  know  of  no  better  method  for  use  in  those  cases  in  vhicli 
only  very  small  amounts  of  nitrates  are  present  and  so  are  using  it. 

The  late  Dr.  W.  A.  Syme,  formerly  of  this  Division,  published  in 
the  Journal  of  Industrial  and  Engineering  Chemistry  for  March,  1909. 
(page  188),  a  method  for  removing  organic  matter  from  solutions 
Our  observations  confirmed  those  of  the  author  that  the  results  an- 
higher  than  those  obtained  by  the  old  method.  The  analytical  portif^r 
of  this  work  consisted  of  the  analysis  of  80  samples  with  the  followin:r 
determinations : 

Nitrates  by  Method  of  Bureau  of  Soils 146 

Nitrates  by  Syme  Modification 60 

Total Digitized  by  VjUU^I...   gQg 
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DIFFICULT   SOLUBILITY   OF   NITRATES    IN   SOILS. 

We  have  taken  samples  of  our  standard  soil^  No.  1931^  shaken  them 
with  water  and  determined  the  amount  of  nitrates  and  nitrites  in  the  ex- 
tracts. We  have  then  taken  other  samples  of  the  same  soil,  added  known 
quantities  of  nitrates  and  nitrites  and  made  determinations  as  before 
with  the  invariable  result  that  it  is  impossible  to  remove  all  the  nitrates 
and  nitrites  which  are  pret-ent.  This  point  was  tested  somewhat  with 
the  same  results  during  the  previous  year,  but  at  that  time  we  added 
very  much  larger  amounts  of  nitrates.  While  this  fact  is  disadvantageous 
to  the  chemist,  it  is  of  value  to  the  farmer  for  his  soil  to  have  some 
power  for  preventing  the  leaching  of  nitrates. 

This  work  involved  45  determinations  in  as  many  soils. 

TIEMANN-SCHULZE  METHOD. 

The  Tiemann-Sehulze  method  has  been  looked  upon  as  the 
standard  method  for  determining  nitrates,  except  in  very  small 
quantities,  and  is  recognized  as  such  in  the  leading  text  books. 
Using  this  method,  we  got  many  results  so  discordant  that  we 
were  led  to  make  some  investigation  as  to  its  accuracy.  We  did  this 
by  taking  distilled  water  which  contained  no  nitrates  and  from  this  we 
could  get  any  amount  of  gas  we  chose  in  the  eudiometer.  We  got  these  re- 
sults by  taking  a  single  sample,  heating,  allowing  the  liquid  to  rush  back 
into  the  flask  and  heating  again.  We  could  also  get  the  continued  evo- 
lution of  gas  just  as  long  as  we  heated,  even  without  allowing  the  liquid 
to  rush  back.  This  suggested  to  us  that  the  partial  vacuum  formed 
in  the  eudiometer  was  sufficient  to  draw  air  through  the  receiving 
Hquid.  To  remedy  this  we  used  a  mercury  seal  at  the  bottom  of  the 
eudiometer  and  found  that  this  overcame  the  difficulty  entirely,  if  a  low 
flame  was  used.  Previous  to  this  we  tested  the  gas  in  the  eudiometer 
which  came  through  the  water  and  found  it  to  be  air. 

This  work  involved  the  following  determinations: 

Oxygen  in  gas  evolved 1 

Carbon  dioxide  in  gas  evolved 1 

Air  in  flask  or  eudiometer 51 

Nitrogen  as  nitrate 25 

Total 78 

PICKEL  CONDENSER   FOR  AMMONIA. 

This  condenser  was  devised  by  Dr.  J.  M.  Pickel,  of  the 
Xorth  Carolina  Department  of  Agriculture.  The  main  point 
claimed  for  it  is  that  the  condensing  tubes  may  be  detached 
from  the  condensing  tank,  and  thereby  save  the  necessity  of  replacing 
the  whole  apparatus  instead  of  a  single  part  when  only  a  single  part  is 
broken.  The  objection  to  this  is  that  the  ammonia  and  steam  are 
condensed  in  the  lower  part  of  the  tube  and  must  be  carried  out  over  the 
bend  by  portions  of  Hquid  condensed  later.  With  the  tests  which  we 
made,  we  did  not  find  any  retention  of  ammonia. 

This  work  involved  12  determinations  of  ammonia.  Digitized  by  GoOqIc 
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COMPARISON  OF  THE  KELLERMAN-RQBINSON  METHOD  FOR  ESTIMATING  NITRI- 
FICATION   IN    SOILS   WITH   THE   STEVENS-WITHERS   METHOD. 

Kellerman  and  Robinson,  of  the  United  States  Department  of  Agri- 
culture, have  proposed  a  method  for  determining  the  nitrifying  power 
of  soils,  using  a  smaller  amount  of  soil,  a  smaller  amount  of  initial  nitro- 
gen and  a  shorter  time  of  incubation.  The  result  will  be  published 
showing  a  comparison  between  the  two  methods. 

The  work  involved — 

Nitrate  determinations    46 

Nitrite  determinations 46 

Total    .    .• 92 

DIPHENYLAMINE    TEST    FOR    NITRITES    AND    NITRATES. 

Very  small  quantities  of  nitrites  and  nitrates  may  be  de- 
tected by  the  use  of  the  diphenylamine  reagent.  The  reagent 
and  the  method  for  making  the  tests  are  diflFerently  described 
by  different  chemists.  We  have  made  determinations  as  to 
the  delicacy,  following  all  the  different  methods  as  published, 
and  none  of  them  were  so  delicate  as  we  wished.  We  have  improved 
the  reagent  and  modified  the  method  so  that  it  is  possible  to  detect 
one  part  of  nitrogen  in  the  form  of  nitrates  in  from  forty  to  fifty 
million.  This  is  by  far  the  most  delicate  test  yet  found.  This  delicacy 
has  been  tested  not  only  by  us,  but  by  other  laboratories  which  have 
followed  our  directions,  and  their  results  confirm  our  own.  A  paper 
embodying  the  results  of  our  work  along  this  line  was  read  before  the 
North  Carolina  Section  of  the  American  Chemical  Society. 

This  work  involved — 

Preparation  of  standard  solutions 167 

Determination  of  nitrates  and  nitrites 925 

Quantitative  tests  of  comparative  strength 82 

Total    1,174 

GUINEA  PIG  URINE. 

In  connection  with  the  cottonseed  meal  feeding  investigation* 
we  collected  various  samples  of  urine  from  guinea  pigs  which  had  re- 
ceived different  feeds.  These  samples  were  collected  daily  and  there 
were  168  of  them.  The  determinations  which  were  made  were  as  fol- 
lows : 

Total  quantity  voided 168 

Specific  gravity  168 

Sugar * 16S 

Albumen    1 168 

Urea 168 

Total    840 

Digitized  by  LjOOQIC 
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INORGANIC  ELEMENTS  IN  THE  VISCERA  OF  SWINE. 

From  the  swine  that  had  died  of  cottonseed  meal  intoxication,  we 
collected  15  samples  of  the  liver,  kidneys,  bones  and  tissues.  These 
samples  were  burned  and  qualitative  inorganic  analyses  made  of  the  ash. 
The  work  involved — 

Systematic  inorganic  qualitative  analyses 15 

Microscopic  qualitative  analyses 10 

Total   .    '. 25 

Copper  and  zinc  were  observ'ed  in  small  quantities.  We  found  no 
inorganic  substance  which  is  classed  as  toxic.  We  omitted  the  examina- 
tion for  those  elements  which  are  known  to  be  normal  constituents  of  all 
viscera  and  which  are  not  considered  as  toxic. 

MISCELLANEOUS. 

The  Division  has  made  28  determinations  in  4  samples  of  soil,  2 
samples  of  corn  stalks,  1  of  coal,  1  of  cottonseed  meal,  1  for  quinine  as 
follows : 

Nitrogen  by  Kjeldahl  . .  » 2 

Acidity  4 

Water   14 

Ash    2 

Volatile  matter   2 

Sulphur 2 

Fixed  carbon 2 

Total    28 

Mr.  Sherwood  has  received  two  flattering  offers  elsewhere  but  much 
to  our  delight  decided  to  continue  his  work  with  the  Division. 

Dr.  Ray  has  entered  upon  his  work  with  enthusiasm  and  success. 
During  the  year  he  was  elected  Secretary  of  the  Xorth  Carolina  Section 
of  the  American  Chemical  Society. 

During  the  year  the  chief  of  the  Division  was  elected  President  of 
the  Association  of  Official  Agricultural  Chemists,  the  oldest  scientific 
agricultural  organization  in  America. 

We  are  very  much  pleased  at  the  prospect  of  removing  to  more  com- 
modious quarters  in  the  new  engineering  building.  This  will  facilitate 
our  work  very  materially. 

With  assurances  of  appreciation  of  the  cordial  and  helpful  co-opera- 
tion which  you  have  given  the  Division,  I  am, 

Very  respectfully, 

W.  A.  Withers, 

Chemist. 
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REPORT  OF  BIOLOGIST. 


I  hereby  submit  the  report  of  the  division  under  my  charge  for  the 
year  now  closing. 

Investigation  of  lettuce  sclerotiniose  has  been  continued,  testing  a 
theory  of  eradication  of  this  disease  which  was  formulated  upon  a  basis 
of  our  laboratory  research  of  earlier  date.  Experimental  beds  -which 
suffered  badly  last  year  were  almost  quite  exempt  from  disease  this  year 
following  the  treatment  under  trial.  It  remains  to  be  seen  whether  the 
disease  will  reappear  during  the  next  or  following  years.  Experimental 
spraying  of  the  covers  of  the  lettuce  beds  has  proved  very  beneficial,  ex- 
tending the  period  of  usefulness  of  the  cloth  more  than  a  year. 

The  results  of  our  research  upon  lettuce  sclerotiniose  are  now  nearly 
ready  for  publication.  A  preliminary  report  of  these  studies  was  made 
at  the  Boston  meeting  of  the  American  Phytopathological  Society. 

Investigation  of  apple  diseases  has  been  limited  to  further  studies  of 
hypochnose  and  of  a  new,  and  what  appears  to  be  a  serious  canker  dis- 
ease, but  the  exact  nature  of  which  is  not  yet  known. 

Miscellaneous  plant  diseases  which  have  received  attention  are  g:iveii 
below : 

Colletotrichum  falcatum  was  found  causing  a  disease  of  sorghum. 
This  appears  to  be  the  first  report  of  this  disease  in  America. 

Peanut  Cercospora,  also  chrysanthemum  rust  have  been  noted  as  de- 
structive. 

Upon  tobacco,  thielaviose  has  been  seen  in  North  Carolina.  This 
is  a  serious  disease  which  originates  in  the  seed  bed. 

Melon  and  tobacco  breeding,  looking  toward  control  of  the  wilts  of 
these  two  crops,  has  been  continued.  High  resistance  has  been  at- 
tained with  melons,  more  than  95  per  cent  of  which  survived  in 
thoroughly  infected  soil.  Accompanying  the  resistance  was  a  decided 
increase  in  the  .quality  over  previous  years.  Fourteen  melons,  all  of 
which  were  sweet,  tender,  crisp,  juicy  and  of  good  flavor,  were  selected 
for  future  breeding. 

A  Bulletin  on  cereal  smuts  has  been  prepared  and  is  ready  for  press. 

A  Bulletin  upon  Apple  and  Pear  Diseases  is  now  in  press. 

A  paper  upon  the  Common  Naming  of  Plant  Diseases  was  prepared 
and  presented  at  the  last  meeting  of  the  American  Phytopathological 
Society,  held  at  Boston. 

The  plant  disease  survey  in  co-operation  with  the  TJ.  S.  Department 
of  Agriculture  has  been  continued  as  during  preceding  years. 

An  extensive  correspondence  concerning  plant  diseases  and  their 
treatment  has  been  conducted. 

Many  interesting  plant  diseases  were  collected  while  on  an  institute 
trip  through  the  western  part  of  the  State. 

The  perfect  stage  of  a  fungus  that  is  very  widely  distributed  through- 
out the  United  States  on  Paspalum  and  other  valuable  forage  grasses 
has  been  developed  in  culture  and  it  proves  to  be  a  species  of  Claviceps. 
Another  Claviceps  heretofore  unknown  in  perfect  form  has  been  de- 
veloped from  sclerotia,  which  are  common  upon  6ama  grass,  Tripsacum. 
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In  Soil  Bacteriology  work,  in  co-operation  with  the  Chemistry  Divi- 
sion, an  extensive  study  of  the  inhibiting  effect  of  organic  substances 
upon  nitrification,  both  in  soils  and  in  solution,  has  been  completed. 

It  has  been  clearly  demonstrated  that  contrary  to  the  generally  ac- 
cepted opinion,  nitrification  is  not  inhibited  or  even  retarded  by  organic 
matter;  that  nitrification  can  proceed  even  in  pure  cow  manure.  The 
inhibiting  effect  of  organic  matter,  while  very  marked  in  solutions,  is 
inappreciable  in  soils.  The  results  of  this  investigation  were  presented 
at  the  Boston  meeting  of  the  American  Society  of  Bacteriologists  and 
appeared  later  in  the  Centralblatt  fiir  Bakteriologie, 

An  extensive  bacteriological  soil  survey  of  North  Carolina  has  been 
begun.  Our  results  show  that  while  the  ammonifying  power  of  North 
Carolina  soils,  good  and  poor,  vary  considerably,  still  no  correlation 
between  fertility  and  ammonifying  power  is  apparent. 

The  soil  survey  will  be  continued  during  the  coming  year,  with  espe- 
cial attention  to  nitrification. 

Plat  tests  under  carefully  controlled  bacteriological  and  chemical  con- 
ditions hav&  been  conducted  to  determine  whether  ammoniacal  nitrogen 
is  as  acceptable  to  plants  as  nitrate-nitrogen.  This  experiment  will 
need  to  be  continued  to  attain  reliable  results. 

Some  attention  has  been  given  to  the  associative  action  of  various 
organisms  upon  nitrification  and  to  the  question  of  denitrification  of 
nitrates  in  the  presence  of  organic  matter. 

During  the  year,  the  Station  collection  of  Fungi  Columbiani  has  been 
increased  to  contain  something  over  4,400  named  specimens  of  fungi 
and  a  number  of  important  recent  books  upon  plant  diseases  and  bac- 
teriology have  been  added  to  the  library. 

Respectfully  submitted, 

F.  L.  Stevens, 
Vegetable  Pathologist  and  Bacteriologist, 
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REPORT  OF  POULTRYMAN. 

I  beg  to  submit  the  following  report  of  the  work  in  the  Poultry 
Division  for  the  year  ending  June  30,  1910. 

The  experimental  work  in  feeding  for  egg  production  which  was 
begun  in  1909  has  been  finished  this  year  and  the  results  included  with 
other  matters  in  a  bulletin  which  is  now  ready  for  publication.  The 
breeding  work  which  we  have  been  carrying  on  both  in  regard  to  in- 
creased egg-production  and  the  eflFects  of  in-breeding  has  been  con- 
tinued. 

As  reported  last  year,  the  use  of  moisture  in  all  our  incubators 
and  their  thorough  disinfection  at  the  beginning  of  each  hatch  have 
been  adopted  in  our  general  hatching  work  as  a  result  of  the  experi- 
ments conducted  in  regard  to  their  use. 

Tests  of  the  fireless  brooders  in  comparison  with  heated  brooders  have 
been  made  again  this  season.  The  results  obtained  confirm  the  report 
made  last  year  that  just  as  good  chicks  can  be  raised  in  the  fireless  as  in 
the  heated  brooders  and  at  a  saving  of  at  least  seventy-five  per  cent  of 
the  cost  for  brooders. 

FEEDING  EXPERIMENTS. 

At  the  time  of  last  year's  report  the  feeding  experiments  were  not 
completed  but  a  progress  report  was  made  and  certain  results  which  the 
work  up  to  that  time  seemed  to  indicate  were  mentioned.  The  com- 
pletion of  the  work  made  no  change  in  these  conclusions.  The  feeding 
of  skim-milk  had  just  started  at  the  time  the  report  was  made  and 
nothing  could  be  said  in  regard  to  it.  The  work  carried  on  during  the 
summer  months  showed  that  for  hot  weather,  at  any  rate,  skim-milk  is 
one  of  the  most  valuable  feeds  for  egg-production  that  we  have.  It  was 
also  found  that  the  hens  on  this  feed  not  only  laid  more  eggs  at  less 
cost  than  those  on  cottonseed  meal  or  meat  meal  rations,  but  that  thev 
also  gained  more  in  weight  and  came  to  moulting  time  in  better  con- 
dition. 

This  has  suggested  another  line  of  work  embracing  the  value  of  the 
ration  not  only  for  a  season's  egg-production  but  from  the  standpoint  of 
the  health  and  breeding  quality  of  the  fowls. 

For  some  years,  the  greatest  drawback  to  extensive  poultry  raising 
has  been  the  difficulty  in  raising  a  satisfactory  percentage  of  the  chicks 
hatched,  and  in  some  cases  of  hatching  enough  of  the  eggs  set. 

The  heavy  mortality  of  the  chicks  is  in  most  cases  attributed  to  white 
diarrhoea.  This  trouble  is  most  prevalent  where  fowls  are  kept  in  large 
numbers  and  where  they  are  kept  more  or  less  under  artificial  con- 
ditions, both  as  to  yarding  and  feeding  of  the  breeding  stock  and  hatch- 
ing and  rearing  of  the  chicks. 

It  has  been  obser^^ed  in  the  work  at  this  Station  that  hens  fed  on  a 
ration  rich  in  protein  from  an  animal  source  while  they  lay  well 
through  the  winter  and  do  fairly  well  from  a  breeding  standpoint  early 
in  the  season,  often  show  the  effects  of  the  ra|ii^bJ^C>4l^t^^  season 
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and  it  becomes  difficult  to  hatch  good  strong  chicks  from  their  eggs  as 
the  season  progresses. 

It  has  been  thought  that  it  is  quite  possible  that  the  forcing  rations 
so  often  used  and  perhaps  also  the  restricted  yard  room  are  responsible 
for  a  large  part  of  the  losses  mentioned. 

In  order  to  determine  if  this  is  so  it  is  proposed  to  start  experiments 
this  year  testing  different  rations  or  rather  different  sources  of  protein 
in  the  rations,  making  the  base  of  all  the  rations  the  same.  The  ex- 
periment will  also  cover  the  yard  conditions,  as  it  is  proposed  to  feed 
one  lot  of  fowls  on  each  ration  in  ordinary  poultry  yards  set  in  grass 
and  one  lot  on  each  ration  in  large  lots  where  some  farm  crop  is  grown 
regularly. 

GENERAL  WORK. 

There  has  been  a  steady  increase  in  the  demands  made  on  the  time 
of  the  Poultryman.  The  correspondence  in  regard  to  poultry  matters 
continue  to  increase  and  there  is  an  increasing  demand  for  improved 
stock  and  eggs  for  hatching. 

Respectfully  submitted, 

J.  S.  Jeffrey, 

Poultryman, 
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REPORT  OF  HORTICULTURIST. 

I  beg  to  submit  the  following  report  of  the  work  done  by  the  Horticul- 
tural Division  since  June  30^  1909. 

DOUBLE  FLOWER  OiF  THE  DEWBERRY  AND  BLACKBERRY. 

A  large  proportion  of  our  time  has  been  given  to  a  study  of  this 
trouble.  All  of  our  work  indicates  that  the  trouble  is  due  to  a  fungus 
disease.  These  results  are  very  different  from  what  we  expected  when 
the  work  was  started.  At  that  time  it  was  our  opinion  that  the  trouble 
was  due  to  physiological  causes  and  not  to  a  disease. 

At  present,  we  are  trying  to  determine  beyond  a  doubt  whether  or 
not  the  trouble  is  due  to  a  disease.  This  is  being  done  by  a  careful 
study  of  the  buds ;  isolating  the  fungus  found  in  such  buds ;  inoculating 
healthy  normal  buds  with  the  fungus  found  in  practically  all  of  these 
affected  buds;  and  by  thorough  spraying  of  certain  plants  to  prevent 
the  entrance  of  fungi. 

If  the  malady  proves  to  be  due  to  a  fungus,  it  properly  becomes  a 
pathological  instead  of  a  horticultural  problem. 

SELF-STERILITY  OF  MUSCADINE  GRAPES. 

The  work  on  the  self-sterility  of  Muscadine  grapes  will  be  completed 
this  summer  and  the  results  will  be  ready  for  publication. 

SELF-STERILITY   OF  DEWBERRIES   AND   BLACKBERRIES. 

The  work  on  this  problem  has  been  continued  as  outlined  in  my  last 
report,  but  on  a  much  larger  scale  than  heretofore.  In  our  work  during 
the  last  two  years,  several  varieties  of  dewberries  and  some  of  the  hybrid 
blackberries  proved  to  be  self-sterile.  We  are  making  a  special  study 
of  the  cause  of  self -sterility  in  these  fruits,  and  some  interesting  results 
have  already  been  obtained.  For  example,  the  pollen  of  the  self-sterile 
varieties  germinates  readily  under  favorable  conditions,  and  some  of 
the  self-sterile  varieties  will  successfully  fertilize  other  self-sterile  vari- 
eties.   This  work  will  be  continued. 

PRUNING  YOUNG  APPLE  TREES. 

An  experiment  was  begun  during  the  past  winter  to  determine  the 
effect  of  various  methods  of  "heading-in"  young  trees  on  the  shape  and 
frame-work  of  the  mature  tree;  also  its  influence  on  the  bearing  age  of 
the  trees. 

DROPPING  OF  IMMATURE  FIGS. 

A  study  has  been  made  of  the  extent  and  cause  of  the  dropping  of 
immature  figs.  The  results  of  this  work  have  been  published  in  Bul- 
letin 208. 

On  September  1,  1909,  Mr.  L.  R.  Detjen  became  Assistant  Horticul- 
turist. He  has  rendered  faithful  and  efficient  service,  and  has  proved  a 
valuable  man  in  carrying  on  the  work.  gitizedbyV 

Respectfully  submitted,       F.  C.  Reimer, 

Horticuliunst, 
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REPORT  OF  ANIMAL  HUSBANDMAK 

I  beg  to  submit  the  following  report  of  the  Animal  Husbandry  Divi- 
sion for  the  fiscal  year  ending  June  30,  1910. 

The  principal  line  of  work  pursued  during  the  year  was  in  connection 
with  the  cottonseed  meal  toxicity  investigations,  carried  on  in  co-opera- 
tion with  the  Chemical  and  Veterinary  Divisions.  While  the  work  re- 
lates strictly  to  the  hog,  guinea  pigs  have  been  used  largely  because  of 
their  susceptibility  to  the  toxic  effects  of  the  meal.  It  has  been  proved 
conclusively  that  commercial  meal  is  fatal  to  this  animal,  death  result- 
ing, on  an  average,  during  the  seventeenth  day.  During  the  first  year 
of  the  work  large  hogs  were  used  to  determine  the  fatality  of  the  meal 
under  varying  conditions.  The  premonitory  symptoms  could  not  be 
depended  upon  to  indicate  when  the  cottonseed  meal  should  be  elimi- 
nated from  the  ration.  From  all  indications  the  only  period  at  which 
the  meal  can  be  fed  economically  is  during  the  later  stages  of  growth 
and  fattening,  and  then  only  for  a  limited  time.  Cases  may  be  cited 
from  the  experiments  where  pigs  weighing  from  twenty-five  to  thirty 
t>ounds  were  fed  meal  in  different  proportions,  and  in  several  cases  the 
pigs  receiving  the  least  amount  of  meal  per  day  died  first.  In  three 
cases  where  pigs  were  fed  corn  meal  one  part  and  cottonseed  meal  one 
part,  the  animals  survived  for  ninety-one  days.  On  the  other  hand, 
where  two  and  four  parts  of  com  meal  were  used  to  one  part  of  cotton- 
seed meal,  the  total  amount  of  mixture  fed  per  day  being  approximately 
the  same,  the  pigs  died  in  seventy-eight  and  sixty-three  days  respect- 
ively. Other  examples  of  this  kind  have  been  met  with  in  the  investi- 
gation. 

The  experiment  planned  to  determine  the  value  of  cottonseed  meal  as 
a  supplementary  feed  for  horses  and  mules  was  discontinued  temporarily 
on  April  6,  1910.  The  results  obtained  so  far  indicate  among  other 
things  that  this  meal  may  be  used  as  a  horse  and  mule  feed  to  a  limited 
extent  when  fed  with  judgment.  The  experiment  will  be  resumed  on 
July  1,  1910,  and  the  combinations  fed  will  consist  of  corn-and-cob  meal, 
wheat  bran  and  cottonseed  meal  combined  with  other  farm-grown  feeds. 
It  has  been  determined  that  cottonseed  meal  may  be  fed  most  satis- 
factorily when  given  in  connection  with  such  feeds  as  corn-and-cob  meal, 
wheat  bran  or  brewers'  grains. 

For  the  first  time  since  the  writer  has  been  connected  with  the  Station, 
a  car  load  of  beef  cattle  was  fed  during  the  winter  months.  The  re- 
sults of  the  feeding  were  quite  satisfactory,  considered  from  every 
standpoint.  The  experiment  proper  was  designed  to  determine  the 
value  of  com  silage,  com  stover  and  cottonseed  hulls  when  fed  with  cot- 
Umgeed  meal.  The  results  indicate  that  while  cottonseed  hulls  make  a 
very  satisfactory  roughage  for  beef  cattle,  corn  silage  and  com  stover  in 
combination  and  com  silage  alone,  gave  more  satisfactory  results  in  a 
Reneral  way.  The  total  gains  made  were  greater  for  the  lot  fed  on 
cottonseed  hulls. 

The  swine  work  on  the  Station  farm  is  giving  very  satisfactory 
results.    A  study  is  being  made  of  the  different  grazing  crops,  for  pork 
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production.  The  crops  are  combined  in  different  ways  and  are  planted 
at  different  times  so  as  to  provide  grazing  for  the  hogs  practically 
throughout  the  entire  year.  The  combinations  used  as  well  as  the  time 
of  planting  are  governed  by  the  nature  and  character  of  the  different 
crops.  During  the  year  a  bulletin  was  prepared  on  the  care,  feeding: 
and  management  of  the  hog  in  this  State. 

An  important  experiment,  now  in  progress  with  swine,  is  planned  to 
determine  the  practicability  of  grading  up  a  herd  of  hogs  from  mongrel 
sows  by  the  use  of  a  pure  bred  sire.  Complete  data  is  being  kept  in 
this  work  which  should,  aside  from  the  practical  bearing,  shed  important 
light  on  the  transmission  of  breed  characteristics  from  both  sire  and 
dam. 

Aside  from  the  experimental  work,  the  general  management  of  the 
farm  stock  has  required  considerable  time.  The  correspondence  has 
increased  during  the  year.  The  inquiries  received  were  mostly  con- 
cerning the  adaptability  of  the  State  for  the  production  of  live  stock, 
their  feeding,  general  care  and  management. 

Considerable  equipment  has  been  added  during  the  year  for  carrying 
on  the  work  of  the  Division  in  a  more  efficient  manner. 
Respectfully  submitted, 

R.  S.  Curtis. 
Animal  Husbandman. 
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REPORT  OF  DAIRY  HUSBAXDMAN. 

The  following  is  a  report  of  the  work  of  the  Department  of  Dairy 
Husbandry  for  the  fiscal  year  ending  June  30,  1910. 

The  study  of  narrow  rations  for  cows  during  the  past  two  years  has 
fully  demonstrated  that  it  is  economical  and  practical  to  feed  such 
rations  under  conditions  prevailing  in  North  Carolina.  These  studies 
have  also  strengthened  the  fact  that  in  economical  milk  production  the 
ratio  of  nitrogenous  and  non-nitrogenous  nutrients  in  a  ration  must 
vary  not  only  according  to  the  flow  and  richness  of  the  milk,  but  to  some 
extent  also,  according  to  the  relative  cost  of  these  two  groups  of 
nutrients. 

In  another  feeding  trial  with  cows  a  comparison  was  made  of  cotton- 
seed meal  and  linseed  meal.  The  results  show  that  the  two  feeds  are  of 
practically  equal  value  for  milk  production.  The  post  of  the  linseed 
nioal,  however,  is  about  20  per  cent  greater  than  that  of  cottonseed  meal. 
Yet,  owing  to  the  high  tonic  and  medical  value  of  the  former,  it  is 
urged  that  all  dairymen  feed  small  quantities  of  it,  especially  to  cows 
in  "off"  condition  and  those  about  due  to  calve. 

Observations  have  also  been  made  as  to  the  effect  of  feeding  cows  a 
ration  containing  one-third  cottonseed  meal  during  the  month  preceding 
calving.  Xo  ill  effects  of  such  feeding  were  noticeable,  either  on  the 
cows  or  their  offspring.  It  should  be  borne  in  mind,  however,  that  the 
rows  received  a  liberal  amount  of  corn  silage  during  the  time  these  ob- 
servations were  made.  Our  feeding  trials  have  well  established  the  fact 
tliat  cottonseed  meal  can  be  fed  with  much  greater  safety  in  conjunction 
with  silage  than  with  dry  roughage. 

In  another  investigation  involving  over  twenty  animals,  observations 
were  made  on  the  effects  of  feeding  a  grain  ration,  consisting  of  one- 
third  cottonseed  meal,  to  heifers  ranging  from  six  to  eighteen  months 
of  age.  The  daily  grain  allowance  ranged  from  one  and  one-half  pounds 
for  the  six  months  old  heifers  to  two  and  three-quarters  pounds  for  the 
eighteen  months  old  heifers.  The  amount  of  meal  fed  in  these  trials 
did  not  appear  to  interfere  in  the  least  with  the  vigor  and  development 
of  the  animals.    One-half  of  the  roughage  fed  consisted  of  corn  silage. 

Investigations  have  also  been  made  on  the  effects  of  feeding  calves  on 
old  pasteurized  milk  and  on  skim-milk  soured  with  pure  cultures  of 
]ii('t'ic  acid  bacteria.  In  the  main  the  old  pasteurized  skim-milk  did  not 
aj>iM»ar  to  have  any  appreciable  effect  on  calves,  though  the  same  had- a 
fendency  to  scours  when  the  milk  was  badly  curdled.  Feeding  skim- 
milk  soured  with  lactic  acid  bacteria  did  not  induce  scours;  on  the  con- 
tra rv  such  milk  had  a  very  api)reciab]e  constipating  effect.  This  con- 
stipating effect  was  so  marked  as  to  prove  quite  efficacious  in  checking 
calf  scours.  More  data  is  needed  to  positively  prove  to  what  extent 
•*kim-milk  soured  with  pure  cultures  of  lactic  acid  bacteria  can  be  used 
lis  a  cure  for  calf  scours. 

Our  new  method  of  manufacturing  cottage  cheese,  publishe(L-in  Eulj 
Ir-rin  202,  has  been  materially  improved  and  simplifiedjgtz^beM^MJgci^ 


30  THIETY-THIED   ANNUAL    REPOBT 

for  this  bulletin  has  been  so  great  that  the  publication  of  another  edition 
embodying  the  later  work,  seems  justifiable. 

A  new  method  has  also  been  worked  out  for  the  manufacture  of 
neufchatel  cheese.  This  method  not  only  materially  simplifies  the 
process  of  making  this  cheese  but  also  puts  it  upon  a  basis  insuring 
better  quality  and  greater  uniformity  than  is  possible  with  methods  in 
vogue  at  the  present  time. 

Respectfully  submitted, 

John  Michslb, 
Dairy  Husbandman. 
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REPORT  OF  ENTOMOLOGIST. 

I  beg  to  submit  herewith  a  report  of  the  work  accomplished  by  the 
Entomological  Division  for  fiscal  year  ending  June  30,  1910. 

The  study  of  two  species  of  melon  worms,  namely,  Diaphania 
hyalinaia  and  Diaphania  niiidalis,  an  Adams  project,  was  not  actually 
commenced  until  about  the  middle  of  July,  1909,  owing  to  the  fact  that 
no  specimens  of  the  worms  w^re  found  previous  to  that  date.  Consider- 
able time  was  spent  during  June  and  the  early  part  of  July  looking, 
without  success,  for  melon  worms  in  the  fields,  and,  when  they  were 
finally  secured  a  month  elapsed  before  these  worms  were  reared  to 
maturity  and  eggs  secured  for  commencing  actual  breeding  and  life  his- 
tory studies. 

Work  with  the  melon  worms  continued  during  the  fall  of  1909  until 
the  food  plants  were  killed  by  frosts.  Most  of  the  essential  points  of 
the  life  history  of  both  species  were  ascertained,  and  some  parasites 
were  reared  from  D,  hyalinaia.  The  result  of  this  work  is  partially 
recorded  under  the  discussion  of  pickle  worms  and  melon  worms  in 
Bulletin  205,  entitled  "Insect  Enemies  of  Cucumbers,  Cantaloupes  and 
Related  Plants."  As  the  work  is  not  completed,  from  an  investigational 
standpoint,  it  is  not  advisable  to  make  it  a-  portion  of  this  report.  Ap- 
proximately three  months'  time  was  devoted  to  the  melon  worm  project 
last  fall.  Furthermore,  an  attempt  was  made  to  keep  melon  worm 
pupae  alive  during  the  winter,  but  this  met  with  failure,  as  most  of  them 
were  killed  by  parasites,  while  the  few  remaining  died  in  the  breeding 
cage. 

Plans  were  made  this  spring  to  have  an  early  field  of  cantaloupes 
with  the  expectation  of  finding  melon  worms  early  in  June.  However, 
it  was  June  28  before  any  signs  of  melon  worms  were  discovered,  and 
then  only  two  specimens  of  D.  niiidalis  were  discovered.  The  real 
study  of  the  melon  worms  was,  therefore,  not  commenced  prior  to  July 
1,  1910. 

An  outdoor  breeding  cage,  first  built  in  1908,  has  undergone  some 
repairs  and  now  furnishes  a  very  good  space  for  the  future  study  of 
melon  worms,  or  other  problems. 

The  cabbage  webworm  project  was  not  pursued  last  fall,  because  only 
a  yery  few  worms  were  discovered,  not  sufficient  for  study.  As  stated 
in  my  report  for  1909,  this  investigation  may  be  continued  when  these 
insects  appear  in  injurious  numbers. 

Without  including  the  more  common  injurious  insects  of  the  year, 
such  as  codling  moth,  curculio,  peach  tree  borer,  San  Jose  scale,  cab- 
bage aphis,  cabbage  worms,  terrapin  bugs,  etc.,  observations  and  rec- 
ords, and  often  photographs  of  the  insects  and  their  injury,  were  made 
concerning  the  following  species : 

lesser  corn  stalk-borer,  Elasmopalpus  lignosellus,  was  discovered  on 
September  10,  1909,  working  in  a  field  of  cowpeaa  on  the  Station  farm; 
later,  on  the  18th,  the  borers  were  taken  in  corn  fields,  while  on  the  21st 
a  few  were  discovered  in  a  rank  growing  grass,  Paspalum  sp,  ojn  the 
Station  farm.     On  September  24,  these  borers  were  takerf^OTpVirmips 
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where  their  work  resembled  that  of  the  cabbage  webworm.  From  speci- 
mens of  the  borers  collected  on  the  above  dates,  and  later,  parent  moths 
were  bred,  on  October  15  and  November  10,  and  on  intervening  dates. 
On  June  1,  1910,  one  worm  was  observed  and  during  June  they  became 
rather  numerous  again. 

Catalpa  sphinx,  Ceratomia  catalpa,  was  found  striping  catalpa  trees 
on  September  10,  these  worms  representing  probably  the  third,  and 
certainly  the  last,  generation  for  the  summer.  On  this  date  the  worms 
were  pupating  in  the  soil  under  the  injured  trees.  From  some  of  these 
pupa?  kej)t  in  the  laboratory,  an  adult  moth  emerged  September  25,  and 
another  a  few  days  later,  but  most  of  the  pupae  lived  during  the  win- 
ter. Egg  masses,  larvee,  pupae  and  moths  were  added  to  the  collection. 
The  worms  were  again  present  during  the  latter  part  of  June,  1910. 

Larger  corn  stalk-borer,  Diatraa  sacch oralis,  was  unusually  abundant 
last  season,  occurring  in  nearly  all  the  com  fields  during  July,  190^. 
Specimens  and  j)hotographs  were  secured.  During  March,  1910,  these 
stalk  borers  were  found  in  several  corn  fields,  in  the  tip  of  the  roots 
of  the  corn  stubble,  where  they  had  passed  the  winter.  On  April  7, 
specimens  were  collected  and  the  discovery  made  that  fully  75  per  cent 
were  still  in  the  borer  stage,  and  the  remainder  in  the  pupae  stage. 
From  this  material,  the  first  moth  emerged  on  April  28,  but  further 
field  observations  on  that  date  showed  that  many  of  the  worms  had 
not  then  pupated.  These  observations  are  entirely  original  for  this 
State,  and  only  recently  discovered  elsewhere. 

Squash  vine  borer,  Meliitia  satyriniformis,  was  rather  abundant  last 
June,  July  and  August.     Notes  and  photographs  were  secured. 

Apple  woolly  aphis,  Schizonenra  lanizera,  is  everywhere  abundant  on 
apple  tree  roots  in  this  section.  Last  July,  it  was  found  that  the  Station 
small  apple  orchard  was  being  badly  injured  by  this  insect.  On  July 
2-3  most  of  these  trees  were  treated  in  the  proper  manner  with  kerosene 
emulsion  at  15  per  cent  and  20  per  cent  strengths.  One  tree  received 
three  gallons  of  20  per  cent  emulsion,  equivalent  to  three  quarts  of 
actual  kerosene,  distributed  over  a  circle  of  about  four  feet  in  diameter, 
and  showed  no  injury  from  the  treatment.  The  aphis  were  all  killed 
where  the  kerosene  was  applied.  Strong  solutions  of  whale  oil  soap 
and  also  black  leaf  tobacco  extract  were  tested  without  good  results.  The 
woolly  aphis  is  a  serious  pest  and  one  frequently  overlooked  by  apple 
growers. 

Striped  flea-beetle,  PhyJotrein  vittata,  was  the  cause  of  serious  dam- 
age to  a  field  of  turnips  on  the  College  farm  during  October.  This 
field  is  sitiuited  in  low  ground,  bordering  on  a  creek.  The  beetles  were 
unusually  abundant,  feeding  on  the  foliage  during  the  fall,  but  the 
greatest  damage  occurred  in  October  when  the  flea-beetle  larvae  at- 
tacked the  young  turnips,  chewing  off  the  feeding  roots,  and  riddling 
the  main  roots.  A  planting  about  the  middle  of  August,  which  was 
slow  to  start,  owing  to  drv  weather,  was  almost  completely  ruined  bv 
the  flea-beetle  larva*.  Fully  ninety  per  cent  of  the  plants  died  before 
the  turnips  were  over  one-half  inch  in  diameter.  Less  severe  damage  oc- 
curred in  other  fields  examined.     Specimens  Jindplwtogra^hs  were  se- 
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Cross-striped  cabbage  worm,  Evergestis  rimosalu,  was  quite  abundant 
last  summer  and  fall  in  the  vicinity  of  Raleigh,  and  at  other  places 
visited  by  the  writer.  Parasites  were  very  effective  in  keeping  this  pest 
in  control,  but  notwithstanding  this  fact,  the  species  was,  in  some  in- 
stances, nearly  as  serious  as  the  common  cabbage  worms. 

Hessian  fly,  Mayeiiola  destructor,  has  escaped  observation  by  the 
writer,  until  very  recently,  April  26,  1910,  when  it  was  found  rather 
abundant  in  a  field  on  the  College  farm.  Its  numbers  last  fall  were 
evidently  too  small  to  cause  noticeable  injury.  On  the  above  date  the 
fly  was  discovered  in  rye,  a  grain  in  which  it  seldom  breeds  freely. 
Should  much  wheat  be  grown  here,  precautions  will  be  necessary  to 
avoid  injury  from  this  pest. 

Strawberry  weevil,  Anihonomu^  signatus,  is  not  abundant  in  this  sec- 
tion, but  occurs  in  small  numbers.  Some  injury  appeared  this  spring 
in  the  strawberry  field  on  the  College  farm. 

The  general  insect  injury  for  the  year  1909  has  not  been  unusual,  but 
up  to  June  30,  1910,  this  appears  to  be  an  insect  year.  The  common 
garden,  field  crop  and  fruit  tree  insects,  have  caused  much  damage.  It 
is  advisable  to  get  a  record  of  all  the  forms  that  occur,  and  an  attempt 
will  be  made  to  collect  and  record  all  insects  of  importance  during  the 
present  season. 

Bulletins  205,  "Insect  Enemies  of  Cantaloupes,  Cucumbers  and  Re- 
lated Plants,"  and  the  portion  of  Bulletin  206,  "Insects  and  Diseases  of 
Apples  and  Pears"  pertaining  to  insects  were  prepared  by  the  Entomol- 
ogist and  published  during  the  year. 

Correspondence  with  farmers  over  the  State  has  increased  during  the 
year.  Respectfully  submitted, 

R.  I.  Smith, 
Entomologist, 
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REPORT  OF  VETERINARIAN. 

I  beg  to  submit  the  following  report  of  the  work  in  the  Veterinary 
Division  for  the  year  ending  June  30,  1910. 

No  new  lines  of  work  have  been  taken  up  and  as  during  the  year 
previous,  we  have  largely  devoted  our  attention  in  connection  with  the 
Animal  Husbandry  and  Chemistry  Divisions  to  the  study  of  cottonseed 
meal  and  its  deleterious  effects  when  fed  to  swine  and  guinea  pigs.  The 
particular  feature  of  the  work  attempted  by  this  Division  has  been  to 
determine  as  far  as  possible  all  Hhe  clinical  symptoms  and  pathological 
lesions  to  be  observed  in  animals  when  fed  with  cottonseed  meal  in  suffi- 
cient quantities  to  produce  illness  and  death.  This  information  was  de- 
sired that  it  might  possibly  throw  some  light  upon  the  cause  of  the 
trouble  as  well  as  develop  a  more  complete  knowledge  of  the  pathology 
of  it.  Observations  before  and  after  death  have  been  made  upon  some 
twenty-five  head  of  swine,  varying  in  age  from  six  months  to  two  years, 
feeding  upon  cottonseed  meal  from  one  to  eight  months  before  dying. 
Similar  observations  were  made  upon  some  two  hundred  and  twenty- 
three  guinea  pigs. 

In  addition  to  this  line  of  investigation,  there  has  been  some  co- 
operation with  the  State  Department  of  Agriculture  in  supervising  the 
production  of  a  limited  amount  of  hog  cholera  serum  (vaccine).  The 
results  of  its  use  in  cutting  short  outbreaks  of  cholera  in  a  number  6f 
herds  were  very  marked. 

Aside  from  answering  an  increased  number  of  inquiries,  a  greater 
number  of  specimens  of  diseased  tissues  and  of  animal  parasites  were 
examined  than  heretofore. 

T  desire  to  acknowledge  the  creditable  services  of  W.  A.  Homadar, 
who  assisted  in  laboratory  and  routine  work. 

Respectfully  submitted, 

G.  A.  Roberts, 

Veterinarian 
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RECEIPTS  AKD  EXPENSES. 

XoBTH  Cabouna  Agricultural  Experiment  Station  in  Account  with  the 
United  States  Appropriations,  1909-1910. 

Dr. 

To  receipts  from  the  Treasurer  of  the  United  States,  as  per  appropriations  for  the 
fiscal  year  ending  June  30,  1910,  under  Acts  of  Congress,  approved  March  2, 
1887,  and  March  16,  1906: 

Hatch  Fund   $15,000.00 

Adams  Fund  13,000.00 

Cb. 

Hatch  Fund,  Adams  Fund. 

By  Salaries   '. $9,499.26  $7,722.40 

Labor 2,851.98  1,534.75 

Publications 

Postage  and  stationery 308.29  243.81 

Freight  and  express 176.65  133.85 

Hea^  light,  water  and  power 94.11  241.97 

Chemical  supplies 432.19 

Seeds,  plants  and  sundry  supplies 447.97  459.79 

Fertilizers   547.11 

Feeding  stuffs 545.17  549.62 

Library   58.29  119.50 

Tools,  implements  and  machinery 445.24  324.03 

Furniture  and  fixtures  227,54  239.50 

Scientific  apparatus 11 1.50 

Live  stock 227.95 

Traveling  expenses   330.50  81.44 

Contingent  expenses  15.00  2.00 

Buildings  and  land 28.59 

ToUl $15,000.00  $13,000.00 

We,  the  undersigned,  duly  appointed  auditors  of  the  corporation,  do  hereby 
certify  that  we  have  examined  the  books  and  accounts  of  the  North  Carolina  Ex- 
periment Station  for  the  fiscal  year  ending  June  30,  1910;  that  we  have  found  the 
same  well  kept  and  classified  as  above,  and  that  the  receipts  for  the  year  from  the 
Treasurer  of  the  United  States  are  shown  to  have  been  $28,000,  and  the  corre- 
sponding disbursements  $28.000 ;  for  all  of  which  proper  vouchers  are  on  file  and 
have  been  by  us  examined  and  found  correct,  thus  leaving  nothing. 

And  we  further  certify  that  the  expenditures  have  been  solely  for  the  purposes 
set  forth  in  the  Acts  of  Congress,  approved  March  2,  1887,  and  March  16,  1906. 

(Signed)  W.  E.  Daniel, 

Thos.  H.  Blount, 
O.  Max  Gardner, 
^Seal.)  Auditors. 

Attest:     A.  P.  BowEN.  Custodian, 
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SCIENTIFiC  PAPERS* 

IV— STUDIES  IN  SOIL  BACTERIOLX)GY 

THE  INHIBITION  OF  NITRIFICATION  BY  ORGANIC  MAT- 
TER, COMPARED  IN  SOILS  AND  IN  SOLUTIONS 

BY 

F.  L.  Stevens  and  W.  A.  Withers, 

ASSISTED   BY 

p.  L.  Gainey,  J.  K.  Plummer  and  F.  W.  Sherwood. 

A  long  series  of  experiences  and  experiments  with  nitrification  has 
convinced  the  writers  that  to  ascertain  facts  concerning  the  behavior 
and  functions  of  bacteria  in  solutions  and  then  to  deduce  conclusions  as 
to  what  functions  these  same  bacteria  would  exercise  if  in  soil,  particu- 
larly in  the  presence  of  other  species  of  bacteria,  is  to  pursue  a  course 
which  is  extremely  liable  to  error.  We  believe  that  we  have  demon- 
strated conclusively  that  such  is  the  case.^ 

Most  of  the  bacterio-chemical  investigations  of  the  past  have  been 
conducted,  using  solutions  as  the  media  for  bacterial  culture,  and  many 
conclusions  have  been  deduced  from  such  experiments  regarding  the 
physiological  and  chemical  relations  of  these  bacteria.  These  con- 
clusions have  been  used  extensively  as  though  they  applied  to  the  activ- 
ities of  these  bacteria  in  soils  just  as  they  do  to  bacteria  in  solutions, 
upon  the  assumption,  that  it  is  correct  to  translate  facts  ascertained  by 
the  solution  method  directly  into  terms  of  soils. 

Perhaps  the  most  notable  illustration  of  this  fact  is  the  wide  use  that 
has  been  made  of  the  pioneer  work  of  Winogradsky  and  Omelianski^ 
with  regard  to  the  inhibiting  influence  of  the  presence  of  organic  matter 
upon  the  activity  of  the  nitrifying  organisms,  who  demonstrated  that 
even  very  slight  traces  of  organic  matter  inhibit  the  action  of  the 
nitrifying  organisms;  0.025-0.05  per  cent  of  glucose  retarding  and  0.2 
per  cent  inhibiting  entirely;  0.025  per  cent  of  peptone  retarding,  0.2 
per  cent  inhibiting  entirely;  while  even  0.0005  per  cent  of  ammonia 
retarded  the  action  of  the  nitrate  organism  and  0.015  per  cent  inhibited 
its  action  entirely.  This  work,  as  is  well  known,  was  done  with  pure 
cultures  employing  solutions  as  the  media.  Nevertheless,  the  conclusions 
deduced  therefrom  have  been  extended  not  only  to  soils,  where  many 
species  of  bacteria  are  present,  but   to  agricultural  practice;  without 

iPubllshed  orlglnaUy  In  Cent.  f.  Bak.  II.  Abt.  Bd.  27.  169. 

'Studies  In  Soil  Bacteriology:  I.  Nitrification  In  Soils  and  Solutions  (Centbl.  Bakt..  |ete.]  Abt. 
II,  Bd.  23.  1909,  p.  355.  and  Slst  Annual  Report  N.  C.  Station  11907-8],  pp.  40-«3).  11.  Ammomn- 
cation  in  Soils  and  Solutions:  (IMdem  Bd.  23,  p.  770).  III.  Concerning  Methods  for  DeterminatioQ 
of  Nitrifying  and  Ammonifying  Powers:  (Ibidem  Bd.  25;  (1909,  p.  6i]  and  32d  Ann.  Rept.  X.  C 
Station  (1908-91  pp  129-144. 

'Winogradsky.  S.  Ann.  Inst.  Pasteur  T.  4,  ri890)  p.  213.  Winogradsky  und  Omellansky.  t'ebcr  dfo 
'Elnfluas  der  organLschen  Substanxen  auf  die  Arbeit  der  nitrlfizlerenden  Mlkrobien.  Oentbl.  Bakt. 
(etc.)  Abt.  II.  b5.  8  (.899),  p.  329.  ^.^.^.^^^  ^^  V:,UUy  IC 
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any  serious  attempt  to  ascertain  whether  the  conclusions  are  really  ap- 
plicable at  all  to  soils,  in  which  the  bacteria  under  consideration  nor- 
mally live. 

A  question  of  fundamental  importance  thus  comes  to  view,  viz:  "Is 
the  inhibiting  influence  of  organic  matter  and  of  other  substances  the 
same  in  soils  6W  it  is  in  solutions  f  ^ 

It  is  the  purpose  of  this  paper  to  present  the  results  of  certain  experi- 
ments bearing  upon  this  question. 

All  experiments,  unless  otherwise  stated,  were  made  in  a  manner 
similar  to  those  cited  in  our  earlier  articles.* 

Experiment  2i9,  Feb.  18,  1909. — To  determine  the  inhibiting  amount 
of  peptone  in  soil  and  in  solution. 

400  grams  of  sterile  soil  No.  1931  in  each  of  six  Erlenmeyer  flasks 
were  used  as  the  medium;  240  mgs.  of  nitrogen  as  sterile  ammonium 
sulphate  were  added.  Each  flask  was  inoculated  with  80  c.c.  of  suspen- 
sion of  Georgia  soil  No.  1,  and  to  each  flask  was  added  peptone  to  give 
t  he  amounts  indicated  in  table  1. 

Thus  each  flask  of  soil  carried  the  same  amount  of  soil  and  of  water ; 
the  only  variant  was  the  peptone.  Account  was  taken  of  the  water 
already  present  in  the  soil  so  that  the  per  cent  indicated  is  the  per  cent 
of  peptone  actually  present  in  the  total  water  in  the  flask  when  the 
experiment  was  set  up.  Six  other  flasks  contained  Omeliansky's  solu- 
tion as  the  medium.  These  received  the  peptone  and  were  inoculated 
as  were  the  flasks  containing  soil,  with  the  exception  that  only  10  c.c.  of 
inoculum  were  used. 

Two  such  series  of  flasks  were  set  up,  one  analyzed  at  the  end  of  four 
weeks,  the  other  at  the  end  of  sixteen  weeks.  The  results  appear  in 
table  1. 

Although  nitrification  was  quite  vigorous  in  the  solution  devoid  of 
organic  matter,  both  at  the  end  of  four  weeks  and  at  four  months,  no 
nitrification  suflicient  to  show  by  diphenylamine  occurred  during  either 
of  these  periods  in  any  of  the  solutions  containing  organic  matter  as 
peptone.  Notwithstanding  the  complete  inhibiting  effect  of  the  pep- 
tone even  in  very  small  amounts  in  the  solutions  no  such  complete  inhi- 
bition is  showMi  with  soil  as  the  medium.  Though  there  is  a  slight  de- 
crease in  total  nitrification  with  increase  in  peptone  this  is  not  marked 
until  2.5  per  cent  of  peptone  is  reached,  and  inhibition  i^  not  complete 
until  the  amount  becomes  5  per  cent.  If  we  regard  the  results  of  the 
longer  incubation  period  the  presence  of  even  5  per  cent  of  peptone 
seems  to  have  no  retarding  effect. 

The  objection  may  possibly  be  raised  that  during  the  course  of  the 
oxperiment  the  organic  matter  was  destroyed  by  putrefactive  or  am- 
monifying bacteria  introduced  by  the  inoculum.  Such  objection,  is 
however,  not  tenable  since  all  solution  cultures  received  the  same  kind 
of  inoculum  as  did  the  soil  cultures,  and  the  destruction  of  organic  mat- 
ter proceeds  nearly  as  rapidly  in  the  solutions  as  in  the  soils.- 

It  may  be  remarked  here,  in  passing,  tliat  this  experiment  as  well  as 

- ■  Digitized  by  V^J (J Oy  It: 
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scores  of  others  which  we  have  already  reported  gives  ample  evidence 
that  sterilization  of  soil  in  the  autoclave  as  was  here  done  does  not  de- 
stroy the  ability  of  the  soil  to  support  nitrification. 

This  remark  is  called  for  by  the  recent  statement  of  Miller  and  Hutcli- 
inson^  that  in  their  experience  some  soils  were  not  able  to  produce 
nitrate  after  partial  sterilization  even  though  subsequently  inoculated. 
It  is  to  be  noted,  however,  that  they  employed  only  partial  steriJizatm 
and  the  effects  they  noted  may  be  attributed  to  denitrification.  In  any 
event  sterilization  does  not  in  general  incapacitate  a  soil  from  nitrifying 
if  subsequently  supplied  with  nitrifying  organisms. 

Table  I. — ^Inhibition  of  nitrification  by  peptone  in  soil  and  in  solution. 


Percent  of  original  added  nitrogen 
recovered  as: 

Flask 

Medium. 

Percent  of 

Dkyb 

, 

No. 

Peptone. 

Incubated. 

.    Nitrites 
Nitrites.       Nitratca.          and 

Nltrata. 

1 

1 
Soil.                         1       0.00 

28 

7.50               58.87            66.37 

2                                 "                                   0.80 

28 

6.00               63.19            M.t9 

3 

1.00 

28 

6.00               50.37            56.37 

4 

!!                       ^-^ 

28 

5.00               31.33            36l33 

6 

2.50 

28          ! 

3.00                12.66            UK 

0 

" 

5.00 

28 

0.00                 0.00              0.00 

7 

Omellanskj^'s  solution. 

0.00 

28 

2.33                19.65            21.98 

8 

0.80 

28         ' 

0.00            aoo         o.tio« 

9 

** 

1.00 

28         ! 

0.00                 0.00              OJi» 

10 

1.25 

28 

0.00               0.00            o.oo» 

11 

2.50 

28 

0.00                 0.00              O.OO" 

12      1                            ••                                    5.00 

28 

1 

.   0.00        I         0.0D             OW 

13 

Sou. 

0.00 

112 

0.00               S3. 31             8331 

14 

0.80 

0.00              103.14           103  U 

15 

1.00 

119 

0.00              113.38           113  3S 

16 

1.25 

0.00              125.36           125.36 

17 

2.50 

0.00        i      174.85           174.85 

18 

5.00 

0.00        1      204.07           204.07 

19               Omellansky's  solution. 

0.00 

112         1 

tr.           '        91.15             91.15 

20 

0.80 

0.00              0.00            o.«i» 

•21 

*• 

1.00 

0.00                 0.00              O.OOi 

22 

•• 

1.25 

0.00              0.00            o.c«« 

23      1 

2.50 

112         1 

0.00       1        0.00            o.oo« 

24      1 

1 

5.00 

112 

0.00              0.00            o.oo» 

'Nitrites  and  nitrates  were  tested  for  with  dlphenylamlne  solution.  In  case  there  was  a  coloration 
after  one  or  two  minutes  the  amount  of  nitrites  and  nitrates  was  determined  by  the  Tlemann-iSchuliie 
method.  If  only  a  faint  coloration  appeared,  which  disappeared  upon  shaking,  a  trace  was  reports, 
and  if  no  coloration  at  all  appeared,  the  amount  of  nitrites  and  nitrates  was  recorded  as  sero.  Tbe 
test  was  made  as  follows:    (Treadwell,  Anal.  Chem.  translated  by  Hall,  Vol.  1, 1906,  p.  340.) 

"The  reagent  is  prepared  by  dissolving  0.5  grams  of  dlphenylamlne  in  100  oc.  of  pure  conoratratra 
sulphuric  acid  and  adding  20  cc.  of  water.  A  few  cubic  centimeters  of  the  dlphenylamlne  solutloa  &rr 
placed  in  a  test  tube  and  carefully  covered  with  the  solution  to  be  tested  for  nitric  add.  If  the  latter  a 
present,  there  is  formed  at  the  lone  of  contact  between  the  two  liquids  a  ring  of  a  beautiful  blue  color.' 

Treadwell  states  that  "if  one  cc.  of  an  acid  (concentrated  sulphuric  S.  and  W.)  which  contains ooly  ok 
twentieth  milligram  of  nitrogen  in  a  liter  is  used,  the  reaction  will  cause  a  noticeable  coloratloD." 

This  test  is  less  delicate  in  water  solutions  than  in  concentrated  sulphuric  acid.  Wherever  the  amou^ 
of  nitrites  or  nitrates  is  recorded  in  this  article  as  lero  small  amounts  may  have  been  present  and  estapM 
detection. 

Experiment  No.  91, — To  determine  the  amount  of  cottonseed  meal 
necessary  to  inhibit  nitrification  in  soil. 

Six  Erlenmeyer  flasks  containing  400  grams  of  sterile  soil  No.  1867 
were  prepared.     Each  flask  received  240  ^E^i^Jfl^x^i^^f  ^  sterile 

»Jour.  Agr.  Sc.  8,  (1909)  ^ 
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ummonium  sulphate  and  was  inoculated  with  1  c.c.  of  pure  culture  of 
nitrite  and  nitrate-forming  bacteria.  Cottonseed  meal,  carrying  nitro- 
gen varying  in  amount  from  0  grams  to  0.6  grams,  was  added.  All 
were  analyzed  at  the  end  of  four  weeks.  The  results  are  given  in 
Table  II. 

Tablb  II. — ^Amount  of  cottonaeed  meal  Inhibiting  nitrification  In  soil. 


i 

Peroentage  of  original  nitrogen  recovered  as: 

Flaak  No.   Grams  of  nitrogen  as  C.  S.  M. 

Nitrites. 

Nitrites  and  Nitrates. 

0.0 

0.0 

03.5 

0.1 

tr. 

60.5 

0.2 

0.0 

27.1 

0.3 

0.0 

53.2 

0.4 

7.6 

22.3 

0.5 

7.5 

29.1 

It  is  seen  that  cottonseed  meal  in  these  amounts  does  not  inhibit 
nitrification  in  soil. 

Experiment  No,  109. — To  determine  the  amount  of  cottonseed  meal 
necessary  to  inhibit  nitrification  in  soil. 

This  experiment  was  set  up  similar  to  experiment  No.  91,  employing 
varying  amounts  of  cottonseed  meal,  supplying  nitrogen  varying  from 
0  to  2  grams.    The  results  appear  in  Table  III. 

TABI.B  in.  —Amount  of  cottonseed  meal  necessary  to  inhibit  nitrification  in  soil. 


Peroentage  of  Initial  nitrogen  recovered  as: 

nask 

Grams  of  nitrogen 
C.  8.  M. 

as 

No. 

' 

Nitrites. 

Nitrates. 

Nitrites  and  Nitrates. 

0.0 

2.54 

87.58 

40.12 

0.0 

2.54 

40.09 

42.63 

0.5 

8.46 

60.76 

69.22 

0.5 

10..88 

60.76 

71.64 

2.0 

0.00 

0.00 

0.001 

2.0 

0.00 

0.00 

0.001 

>Ko  reaction  with  dlphenylamlne. 

It  is  seen  here  that  while  0.5  grams  is  not  inhibitory  2.0  grams  are 
entirely  so. 

Experiment  No.  260. — To  compare  inhibiting  action  of  cottonseed 
meal  upon  nitrification  in  soil  and  in  solution. 

This  experiment  was  set  up  similar  to  experiment  No.  249  with  the 
exception  that  cottonseed  meal  was  used  instead  of  peptone.  The  results 
are  given  in  Table  IV. 
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Table  IV.— Inhibition  of  nitrification  by  cottonaeed  meal  in  soil  and  In  solution. 


, 

Percentage  of  iniVlal  nitrogen  recovered  as: 

Flask 

Grams  of 

Days 

No. 

Medium.              , 

nitrogen  as 
C.  S.  M. 

incubated. 

,     Nitrites. 

Nitrate*. 

Nitrites  and 

Nitratea. 

1 

Sou. 

0.0 

28 

Lost 

Lost 

Loet 

2 

•• 

0.1 

28 

7.50 

61.64 

68.90 

3 

•• 

0.2 

28 

10.00 

52.64 

62.  M 

4 

•• 

0.3 

28 

7.50 

53.89 

61.39 

5 

it 

1 

0.4 

28 

6.00 

45.36 

51.36 

6 

" 

0.5 

28 

6.00 

23.21 

38.21 

7 

0.0 

28 

1.76 

11.81 

13.57 

8 

0.1 

28 

0.00 

0.00 

0.00' 

9 

0.2 

28 

0.00 

0.00 

0.00 

10 

0.3 

28 

0.00 

0.00 

0.00' 

11 

0.4 

28 

0.00 

0.00 

O.00> 

12 

0.5 

28 

0.00 

0.00 

0.00' 

13 

SoU.                 1 

0.0 

112 

0.00 

1          90.20 

90.30 

14 

0.1 

112 

0.00 

100.90 

100.90 

16 

0.2 

112 

0.00 

103.20 

103.20 

16 

1'                    1 

0.3 

112 

0.00 

103.20 

103.20 

17 

0.4 

112 

1         0.00 

100.90 

100.90 

18 

1 

0.5 

112 

0.00 

96.47 

96.47 

19 
20 

Omeliansky'B  solution 

0.0 
0.1 

112 
112 

tr. 
0.00 

87.91 
0.00 

87.91 
0.00^ 

21 

t< 

0.2 

112 

'         0.00 

0.00 

0.001 

22 

1 

0.3 

112 

0.00 

0.00 

0.00« 

23 

••                    1 

0.4 

112 

0.00 

0.00 

0.00> 

24 

" 

0.5           , 

112 

0.00 

0.00 

aoo^ 

^No  reaction  with  diphenylamlne. 

It  again  appears  that  nitrification  proceeded  well  in  the  solution  bear- 
ing no  cottonseed  meal;  but  that  cottonseed  meal  when  present  in  the 
solution  inhibited  nitrification.  In  soils,  however,  there  was  but  slight 
retarding  influence  due  to  the  presence  of  the  cottonseed  meal  and  com- 
plete inhibition  in  no  case. 

The  results  at  the  period  of  four  months  indicate  that  some  of  the 
cottonseed-meal-nitrogen  was  then  nitrified.  Thus  some  of  the  organic 
matter  was  removed  from  the  medium.  Such  removal  is,  however,  not 
sufficient  to  explain  this  difference  in  the  inhibiting  effect  of  organic 
matter  in  soils  and  in  solutions. 

That  the  removal  of  the  organic  matter  is  not  necessary  before  nitrifi- 
cation can  proceed  is  directly  shown  by  the  following  experiments: 

Experiment  Xo,  251,  April  12,  1909. — To  determine  whether  in 
soils  rich  in  organic  matter  the  destruction  of  organic  matter  by  putre- 
faction or  ammonification  is  necessary  before  nitrification  can  begin. 

Eighteen  flasks,  each  containing  400  grams  of  sterilized  soil  No.  1^31, 
plus  240  mgs.  of  nitrogen  as  sterile  ammonium  sulphate  w^ere  inocu- 
lated with  a  vigorously  nitrifying  soil  (Georgia  soil  No.  1).  Fre>h 
cow  manure  in  varying  amounts  was  mixed  with  the  soil  in  the  flasks 
as  is  indicated  in  table  5,  giving  a  range  in  amount  from  200  mgs.  to 
32,000  mgs.,  or  in  terms  of  field  practice  from  1  ton  to  160  tons  per  acre.^ 
The  manure  as  weighed  into  the  first  sixteen  flasks  was  fresh,  undried 
and  contained  much  water,  approximately  560  grams  per  100  grams  of 
dry  matter.     Two  flasks,  Xos.  17  and  18,  received  no  manure.    Nos.  19 


« For  purposes  of  this  calculation  the  acre  is  regarded  as  weighing  4. 000. 000  lbs. 


uuyit: 
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and  20  contained  pure,  partially  dried,  cow  manure  and  no  soil.  The 
manure  here  used  had  been  dried  for  several  days  in  a  steam  heated 
closet  and  contained  264  grams  of  water  for  each  100  grams  of  dry 
matter.  Xos.  21  and  22  were  duplicates  of  the  two  latter  but  were  left 
without  inoculation  to  serve  as  controls.  The  cow  manure  in  all  cases 
was  just  as  dropped  by  the  cow  without  any  addition  of  foreign  ma- 
terial. The  whole  series  of  twenty-two  flasks  was  set  up  in  quintuplicate, 
making  a  total  of  one  hundred  and  ten  flasks.  The  five  series  were 
analyzed  as  follows:  I  at  time  of  setting  up,  II  at  two  weeks,  III  at 
four  weeks,  IV  at  eight  weeks,  V  at  twelve  weeks. 

There  was  no  reaction  with  diphenylamine  in  series  I,  II  and  III, 
representing  0,  14  and  28  days,  except  that  in  some  cases,  bare  traces  of 
nitrates  or  nitrites  were  indicated.  There  was  no  reaction  for  nitrites 
by  the  Griess  method  in  any  case. 

All  flasks  were  set  up  in  duplicate  and  the  duplicates  agreed  well,  only 
averages  are  given. 

The  results  are  presented  in  table  V. 

In  the  results  of  analyses  of  the  first  two  series,  neither  the  soil  nor 
tlio  manure  possessed  either  nitrites  or  nitrates  in  appreciable  amount, 
nor  did  any  appear  in  any  flask  until  the  third  analysis  period,  which 
was  at  the  end  of  four  weeks.  Then  four  pairs  of  flasks  showed  nitrites 
and  nitrates  but  in  amounts  too  small  to  measure  by  the  Tiemann- 
Sehulze  method.  At  the  end  of  eight  weeks  there  was  considerable 
nitrification  in  all  of  the  flasks  except  the  two  pairs  which  were  not 
inoculated. 

Table  V.— Showing  nitrification  In  the  presence  of  large  amounts  of  organic  matter. 
i  Percentage  of  Initial  nitrogen  recovered  as: 


Amount 

In 

"J 

of  cow 

tons 

Ammonia. 

1           Nitrates. 

Flask 

Medium. 

added. 

per 
acre 

1 

No. 

'                 1 

Mga. 

Series 

Series 

Series 

Series 

Series 

,     Series 

Series 

I 

II 

III 

IV 

V 

1        IV 

V 

0  days.  14  days. 

28  days. 

'  56  days. 

84  days. 

56  days. 

84  days. 

1-2 

Soils 
240  mgs. . 

NasAms 

200 

1 

55.42 

77.36 

76.92 

71.62 

65.37 

9.55 

15.51 

*-# 

1.000 

5 

61.97 

64.77 

62.95 

67.05 

60.92 

11.75 

19.11 

5-« 

2.000 

10 

65.12 

74.67 

78.07 

63.86 

68.61 

12.22 

O.OOi 

7-S 

4.000 

20 

65.82 

75.97 

69.67 

67.33 

69.67 

12.69 

25.37 

0^10 

«.000 

30 

60.62 

74.57 

74.47 

70.83 

61.27 

13.46 

27.88 

11-12 

8.000 

40 

67.22 

76.32 

77.09 

72.57 

Lost 

13.46 

Lost 

1.1-14 

16.000 

80 

71.07 

71.77 

69.86 

53.69 

63.62 

.      12.52 

33.04 

1<V1« 

32.000 

160 

72.47 

72.47 

61.10 

50.16 

58.46 

12. 59 

51.37 

17-lH 

No  soil. 
240  Mgs. 

0 

0 

31.86 

18.20 

68.31 

67.05 

69.17 

0.00' 

29.75 

l<^-20 

NasAms 

75.000 

65.47 

55.32 

52.58 

65.12 

65.12 

18.17 

135.30 

21-22 

" 

75,000 

58,11 

58.82 

57.42 

59.87 

68.62 

0.00« 

17.54 

!No  reafCtion  with  diphenylamine. 

It  is  noted  further  tliat  nitrification  was  not  least  where  organic  mat- 
ti*r  was  most,  nor  most  where  organic  matter  was  least;  but  that  exactly 
the  reverse  was  true.  Nitrification  iras  most  where  organic  matter  was 
most.  It  was  highest  in  the  pure  cow  manure  in  flasks  Xos,  19  and  20. 
Throughout   the  intermediate  flasks  of  the  series  there  was  but  little 
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variation,  makiug  it  apparent  that  the  organic  matter  of  this  kind  is 
practically  without  influence  upon  nitrification  in  soil  and  in  the  pres- 
ence of  bacteria  of  many  kinds,  except  as  it  is  a  cource  of  ammonia. 
When  organic  matter  is  present  in  large  amounts  as  in  flasks  Xos.  19 
and  20,  the  extra  ammonia  afforded  to  the  bacteria  by  the  ammonifi- 
cation  of  the  cow  manure  permitted  some  increase  in  nitrification. 

The  result  of  the  fifth  series,  analyzed  at  twelve  weeks,  fully  confirm 
the  conclusions  from  the  previous  series  as  to  the  ability  of  nitrifying 
organisms  to  nitrify  in  the  presence  of  cow  manure,  flasks  18  and  19 
giving  a  higher  nitrification  than  we  have  met  with  in  any  analysis  of 
the  past  four  years'  work.  The  third,  eighth  and  tenth  pairs  of  flasks, 
containing  respectively  2,000  mgs.,  32,000  mgs.,  175,000  mgs.  of  cow 
manure,  present  inexplicable  anomalies,  possibly  due  to  interference  of 
fungi  or  to  accidental  inoculation  with  nitrifiers  during  the  long  course 
of  the  experiment;  but  these  in  no  wise  interfere  with  the  general  con- 
clusions as  to  the  possibility  of  nitrification  in  the  presence  of  organic 
matter. 

The  changes  in  ammonia  throughout  the  experiment  were  surprisingly 
slight  and  such  variations  as  are  found  might  well  result  from  differ- 
ences in  the  material  placed  in  the  flasks  rather  than  from  changes 
induced  by  bacteria.  The  process  of  nitrification  is  shown  to  have 
kept  pace  with  the  ammonification  through  the  eighth  week,  nitrifying 
the  ammonia  as  fast  as  it  was  made. 

While  no  direct  analyses  were  made  of  the  fourth  series  for  organic 
matter  or  organic  nitrogen,  the  absence  of  any  increase  in  ammonia 
gives  strong  presumptive  evidence  that  the  organic  matter  as  such  still 
existed  in  the  soil  at  the  eighth  week,  prior  to  which  time  vigorous  nitri- 
fication was  well  under  way. 

The  presence  of  much  organic  matter  in  the  medium  simultaneously 
with  the  procedure  of  nitrification  is  particularly  evident  in  flasks  Nos. 
19  and  20,  which  contained  no  soil  but  only  cow  manure  plus  ammonium 
sulphate,  as  the  medium.  That  the  organic  matter  of  this  pure  cow 
manure  could  have  been  completely  destroyed  by  any  process  prior  to 
the  beginning  of  nitrification  and  yet  have  shown  no  large  increase  in 
ammonia  is  inconceivable. 

This  nitrification  of  the  pure  cow  manure  was  unexpected,  yet  the 
case  is  not  without  parallel  since  Livingston^  mentions  nitrification 
of  stable  manure  and  Holdefleiss  and  others,  as  cited  by  Lohnis= 
report  such  nitrification. 

As  the  amounts  of  organic  matter  were  not  determined  in  the  ex- 
periment just  referred  to,  a  similar  additional  experiment  was  made, 
as  follows : 

Experiment  3^8,  October  IS,  1909. — To  determine  whether  the  or- 
ganic matter  In  the  soil  must  first  ammonify  to  enable  nitrification,  also 
the  effect  upon  nitrification  of  varying  amounts  of  cow  manure,  rep- 
resenting a  wide  range  of  field  conditions. 

Twelve  flasks,  each  containing  400  grams  of  sterilized  soil  No.  1931. 
and  240  mgs.  nitrogen  as  sterile  ammonium  sulphate,  were  inoculated 

»U.  8.  Dept.  agr.  Bur.  Soils,  Bulletin  36,  page  47.  °  9'^'"^^  ^^  VjUU^ It: 

"L6hnl8,l.  c.  • 
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with  a  vigorously  nitrifying  soil  (Greorgia  soil  No.  1.)  Fresh  cow 
manure  was  mixed  with  the  soil  in  the  flasks  in  amounts  of  200,  8,000 
and  32,000  milligrams  to  400  grams  of  soil,  or  in  terms  of  field  practice, 
1  ton,  40  tons  and  160  tons  per  acre,^  respectively. 

The  manure  as  weighed  into  the  firgt  6  flasks  was  fresh,  undried  and 
contained  much  water,  approximately  660  grams  per  100  grams  of  dry 
matter.  Two  flasks,  Nos.  7  and  8,  received  no  manure,  Nos.  9,  10,  11 
and  12  contained  partially  dried  cow  manure  and  no  soil.  The  manure 
here  used  had  heen  dried  for  several  days  in  a  steam  heated  closet  and 
contained  264  grams  of  water  for  each  100  grams  of  dry  matter.  Nos. 
9  and  10  were  inoculated  like  the  previous  samples,  but  11  and  12  were 
left  without  inoculation  to  serve  as  controls.  The  cow  manure  in  all 
cases  was  just  as  dropped  by  the  cows  without  any  additional  foreign 
material.  The  whole  series  of  12  flasks  was  set  up  in  triplicate,  making 
a  total  of  36  flasks.  The  three  series  were  analyzed  as  follows :  Series 
I  at  time  of  setting  up;  Series  II  at  four  weeks;  and  Series  III  at 
eight  weeks.  In  addition  to  the  usual  analyses,  determinations  were 
made  of  volatile  matter,  humus,  and  total  nitrogen.  The  methods  of  the 
Association  of  Official  Agricultural  Chemists  were  followed.* 

The  results  are  given  in  Table  VI. 

Tablb  VI.— Showing  nitrification  in  the  presence  of  large  amounta  of  organic  matter. 
Series  I.— No  Weeks.* 


Flask  No.      Medium. 


Cow  Mar  I 

nure  added 

Mgs. 


Volatile     <  Total         Percent  of  Ini- 

Tons  per   '     matter*        Humui^       nitrogen*       tlal  nitrogen 

acre  Percent.        Percent.        Peicent.        recovered  as 

ammonia. 


2 

Aver. 

3 

4 

Aver. 

6 

0 
Aver. 

7 

8 
Aver. 

0 


10 
Aver. 

11 

12 
Aver. 


400grms. 
soil  and 
240  mgs. 
Nas  Ams. 


No  soil. 
240  mgs. 
Nas  Ams 


2(K) 
200 


8.000 
8.000 

40 
40 

82.000 
82.000 

160 
160 

0 
0 

6 
0 

75,000 

75.000 

75,000 

75.000 

4.36  0.001 

4.73  4.40  0.008 

4.54  0.005 

4.76  4.18  0.080 

4.04  3.20  0.112 

4.40  3.00  0.000 

5.80  0.165 

5.38  4.56  0.126 

5.50  0.146 

4.46  2.44  0.088 

4.26  2.26  Lost 

4.36  2.35  0.088 


77.74 
77.41 
77.68 
88.70 
80.53 
88.62 


21.16 
18.32 
10.74 
25.44 
63.36 
44.40 


2.746 
2.360 
2.558 
Lost 
2.308 
2.308 


61.62 
60.02 
61.27 
62.32 
61.07 
62.15 
64.42 
65.82 
65.12 
60.02 
60.02 
60.02 


Lost 
108.50 
108.50 

Lost 
154.04 
154.04 


^Series  I  at  0  weeks  did  not  give  any  reaction  with  diphenylamine  (Treadwell's  method). 
•Based  upon  dry  substance. 


•For  porposes  of  this  calculation  the  acre  Is  regarded  as  weighing  4,000.000  i^jtzed  by  VjOOglC 
«U.  S.  Dept.  Agr..  Bur.  Chem..  Bui.  107  revised  (1008), pp.  7. 14  and  10. 
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Series  II— Four  Weeks. 


Flask 
No. 


2 
Aver. 

3 

4 
Aver. 

5 

0 
Aver. 

7 

8 
Aver. 

0 

10 
Aver. 

11 

12 
Aver. 


I      Cow  Tons    Volatile  '     Total     Percent  of  Inittal  added  uitro- 

Medlum.  manure  per   '  matter,'  ,  Humus,*  nitrogen,*  icen  recovered  as: 

added,  acre.  I  Percent.  '  Percent.     Percent. 
Mgs. 


I 


Ammo. 


400  grms.  soil  |  | 

and  240  mgs.  '  ; 

NasAms.               200            1         4.67            0.78            0.098  9.10 

200            1         2.48      ,      0.50            0.154  13.30 

3.58      i      0.64            0.126  11.20 

8.000    I      40        4.56            0.66            0.133  10.50 

I      8,000    I      40  I      4.45            1.14            0.140  12.25 

4.51            0.90      I      0.137  11.38 

32.000    ,     160  I      4.95            1.22      >      0.351  3.50 

;    32.000         160  I      5.06            1.66            0.126    I  3.15 

5.01      I      1.44      '      0.239    '  3.33 

0    I        0        4.40            1.26            0.169'  14.70 

1 4.44            1.38            0.183  24.86 

4.42      I      1.32      ;      0.176  19.78 

No  soil  240  mgs  i  I  | 

NasAms.         75,000    ' 37.48 

76,000     32.21 

-. 34.84 

75,000 88.92 

,     75,000 86.82 

87.87 


Nitrites. 

Nitnte^. 

0.70 

69.45 

Lost 

77  «7 

0.70 

73. 5« 

Lost 

70.15 

Loet 

38.25 

64.20 

0.40 

54.41 

Loet 

43.22 

0.40 

4*».e 

0.00 

«-53 

0.55 

78- 3« 

0.28 

73.96 

Series  III— S  Weeka. 


I     Cow 


I  I  I  Percent  of  inittal  added  nitro- 

Tons    Volatile  I  Total  gen  recovered  as: 


Flask 

Medium.      ' 

manure 

per 

matter,' 

Humus,' 

nitrogen.' 

No. 

1 

1 

added. 
Mgs. 

acre. 

Percent. 

Percent. 

1 

Percent. 

Ammo- 
nia. 

Nitrites. 

Nttiates. 

1 

400  grms.  soil 

and  240  mga. 

1 

1 

1 

N.  as  Ams.     1 

200 

1 

4.12 

1      0.50 

1      0.12 

2.8 

0.2 

S3.1 

2 

*• 

200 

1 

4.35 

0.58 

0.13 

2.1 

0.2 

79.4 

Aver. 

4.23 

,      0.54 

,      0.13 

2.5 

0.2 

SI. 3 

3 

" 

8.000 

40 

4.41 

'      0.60 

1      0.05 

1.4« 

1.1 

81-0 

4 

"             , 

8,000 

40 

4.62 

0.70 

Lost 

13. 3> 

0.8 

8.1.6 

Aver. 

4.52 

0.65 

0.05 

7.4 

0.9 

80.  S 

5 

" 

32.000 

160 

4.50 

0.58 

0.09 

8.4« 

1.0« 

56,0 

6 

••             1 

32,000 

160 

4.60 

,      0.58 

,      0.13 

O.Oi 

0.3- 

S5.5 

Aver. 

4.55 

0.58 

1      0.11 

4.2 

0.7 

55-8 

7 

" 

0 

0 

4.50 

0.48 

0.10 

0.7 

0.2 

M-5 

8 

It 

0 

0 

4.60 

1      1.08 

0.14 

0.0 

0.2 

96.7 

Aver. 

No  soil  240  mgs 

4.55 

1      0.78 

0.12 

0.4 

0.2 

95.1 

9 

NasAms. 

75.000 

79.10 

1      6.96 

3.20 

7.7 

0.0 

•4.8* 

10 

•* 

75.000 

72.30 

5.84 

3.45 

8.1 

0.0 

18. 5» 

Aver. 

1 

75.70 

6.40 

'      3.33 

7.9 

0.0 

41.7 

11 

** 

75.000 

86.90 

1      6.32 

2.87 

55.3 

0.0 

0.0 

12 

" 

75.000 

85.90 

6.32 

2.85 

6.3.2 

0.0 

0.0 

Aver. 

86.40 

6.32 

2.86 

54.3 

0.0 

ao 

'Based 

upon  dry  substance. 

•Duplieate  1.4. 

'Duplicate  14.0. 

♦Duplicate  9.1. 

'Duplicate  0.  7. 

•Duplicate  1.0. 

'Duplicate  0. 3. 

•Duplicate  fiO.  1. 

•Duplicate  19. 4. 

Digitized  by  LjOOQIC 
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From  the  foregoing  tables  we  have  the  following  averages: 


Percent  of  Initial  added  nitroien 

Volatile 

recovered 

as: 

Flmak  No. 

Ateodofwoeks— 

matter. 
Percent. 

Humufl, 
Percent. 

Nitrites. 

Nitrates. 

1-2 

3.58 

0.64 

0.70 

73.56 

3-1 

4.51 
5.01 

0.90 
1.44 

64.20 

5-« 

0.46 

48.82 

7-8 

4.42 

1.32 

0.28 

73.96 

1-2 

4.23 

0.54 

0.20 

81.30 

3-4 

4.52 

0.65 

0.90 

80.80 

S-« 

4.00 

0.58 

0.70 

55.80 

7-8 

4.60 

0.78 

0.20 

95.10 

^10 

75.7 

6.40 

0.00 

41.70 

11-12 

8                ' 

86.4 

6.32 

0.00 

'                        1 

0.00 

It  will  be  noted  from  the  above  table  that  at  both  4  and  8  weeks  nitri- 
fication occurred  in  all  samples  of  soil,  which  contained  an  admixture 
of  cow  manure  whether  in  small  or  large  amounts  and  that  at  the  end 
of  the  periods  organic  matter  was  still  present  as  shown  by  the  volatile 
matter  and  the  humus.  It  will  be  noted,  however,  that  although  there 
was  good  nitrification  this  was  larger  when  the  amounts  of  added  cow 
manure  were  smaller,  and  this  is  true  for  both  the  four  and  eight 
weeks  periods. 

That  nitrification  can  proceed  in  the  presence  of  organic  matter  is 
shown  in  a  most  forcible  way  from  the  fact  that  at  eight  weeks  41.7  per 
ec'iit  of  the  nitrogen  added  to  cow  manure  as  ammonium  sulphate  was 
changed  to  nitrates  (flasks  9  and  10)  and  that  there  was  present  at  the 
end  of  the  period  75.7  per  cent  of  volatile  matter  of  which  6.40  per  cent 
was  humus.  A  control  sample  which  stood  for  the  same  period  without 
inoculation  showed  no  nitrates  nor  nitrites  with  diphenylamine. 

The  results  reported  above  clearly  justify  two  conclusions. 

1.  The  inhibiting  influence  of  organic  matter,  (Peptone  or  cotton- 
sced  meal)  is  much  greater  in  solutions,  such  as  Omeliansky's  than  it 
is  in  soil  water. 

2.  Nitrification  can  proceed  vigorously  in  the  soil  in  the  presence 
of  large  quantities  of  such  organic  matter,  as  that  of  peptone,  cottonseed 
meal,  or  cow  manure. 

General  Discussion, 
prevailing  views  regarding  nitrification 

Following  the  utterance  of  Winogradsky's  conclusions,^  came  their 
adoption  by  numerous  text  books  upon  bacteriology. 

Thpv  may  be  ezpmeed  in  their  latest  wording,  in  their  application  to  natural  conditions  as  follows, 
(luotrd  fromLafar's  Handb.  de  Techn.  Mykologle  Bd.  III.  p.  178. 

"  Auf  die  Frace.  wanim  diese  drei  Prosesee,  Ammoniakdlldung,  Nttritation  and  Nitratation,  bei 
ffriiM>lnaaiDer  Anwesenhelt  ihrer  sugehdrigen  Erreger  im  Substrate  nicht  Hand  in  Handgchen,  sondern 
inimrr  in  dnselben  Relhenfolge  nacheinander  slch  abspielen,  glbt  uns  die  Physlologie  der  Nitrifika- 
iionsbakterien  etne  bestlmmte  Antwort.  Es  ist  einerseiU  die  Abneigung  des  Nitrltbildners  gegen 
ckTganisrh^  Htoffe,  anderereseits  die  des  Nitratbildners  gegen  Ammoniak.  welche  hier  regulierend  ein- 
pf>ifeD.  Solange  die  organischen  StoflTe  nicht  bis  auf  ein  ertraglicbes  Cicrlngiitmass  hlnabgedruckt 
uDd  in  elnf  achere  Verblndungen  gespalten  slnd,  solange  kann  der  Nitrltbildner,  trots  Rcichtum  an 
AmmoD.  niebt  aufkommen.  1st  nur  der  Nltritbildner  imstande,  die  Ammonlak-oxydation  su  be- 
KinalD.  so  muss  der  Nitratblldner,  trots  Vorhandene  Kin  von  Nitrit  noch  unt&tig  bleiben,  weil  cr 
dorrh  das  vorhandene  Ammon  noch  geUhnit  wird.  Erst  wenn  das  Ammoniak  fertig  nitrliiert^  i  p 
kaoo  nun  die  drttte  Stule  des  natOrlichen  Prosesses,  die  Nitratation  sich  geltend  machen."    ^  "-^^i^^ 
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Thus  Lohnis^  cites  Migula,^  Lemmerman,  Behrens*  Giinther,*  Schmidt 
and  Weis,*^  Fischer®  and  others  in  such  terms  as  to  indicate  their  accept- 
ance of  Winogradsky's  Views  concerning  the  restricting  influence  of 
organic  matter  or  ammonia  upon  the  process  of  nitrification. 

In  American  and  English  works  we  find  the  same  views  reflected  in 
the  following  passages:    • 

"The  presence  of  very  small  amounts  of  easily  oxidizable  organic 
compounds  is  detrimental  to  the  growth  and  activity  of  both  types  of 
nitrifying  organisms,  the  nitrite-forming  bacteria  being  more  sensitive 
in  this  respect  than  the  nitrate-forming  species.  On  this  account  the 
nitrification  process  does  not  begin  until  all  the  organic  material  has 
been  fermented  by  other  species  of  bacteria."^ 

"The  presence  of  a  small  amount  of  organic  matter  in  the  culture 
media  is  directly  injurious  to  these  (nitrifying)  organisms     *     ♦    * 

"A  solution  *  *  *  which  has  no  trace  of  organic  matter,  furnishes 
them  with  the  proper  conditions  for  growth. 

"It  appears  that  the  presence  of  organic  matter  in  the  solutions 
even  in  very  small  quantities  is  directly  injurious  *  *  *  if  a  small 
quantity  of  organic  matter  is  added  their  growth  is  stopped.  So  sensi- 
tive are  they  to  organic  matter  that  these  compounds  act  exactly  like 
antiseptics.  When  present  in  very  small  quantities  they  are  able  to  stop 
the  growth  of  the  bacteria,  acting  as  powerfully  in  this  respect  as 
antiseptic  poisons  act  upon  ordinary  bacteria.  ♦  *  * 

"Further  it  is  found  that  the  more  highly  organized  the  compound 
the  more  decided  is  its  checking  action  upon  the  nitro-bacteria,  ♦  *  * 
here  is  a  group  of  organisms  that  not  only  does  not  need,  but  can  not 
grow  in  the  presence  of  organic  matter. 

"The  building  of  nitrates  will  not  take  place  in  the  soil  so  long  as 
there  is  any  considerable  amount  of  organic  material,  or  any  consider- 
able amount  of  free  ammonia  present.  *  If  there  is  much  organic  mate- 
rial rapidly  decomposing  so  as  to  produce  ammonia,  this  will  completely 
check  the  formation  of  nitrates,  for  these  nitrifying  bacteria  will  not 
grow  in  the  presence  of  either  organic  material  or  ammonia.  It  is  not 
until  after  decomposition  has  been  completed  and  practically  all  the 
organic  compounds  used  up  that  the  nitrifying  germs  can  begin  to  act."* 

"The  nitrifying  organism  will  not  grow  in  a  medium  containing  anv 
considerable  amount  of  soluble  organic  matter. 

"Where  sewage  is  applied  to  land  nitrification  can  not,  therefore, 
begin  until  after  the  ordinary  putrefying  and  ammonifying  bacteria 
have  decomposed  much  of  the  organic  matter  and  rendered  the  soil 
water  a  fit  pabulum  for  the  development  of  nitrifying  ferments. 

iLohnls,  F.,  Ueber  Nltrlfikation  und  Denltrtfikatlon  In  der  Ackererde.  Centbl.  Bakt.  (etc.]  Abt.  11. 
Vol.  13,  p.  706. 

>MlKula,  in  De  Barys  Vorlesungen.  3.  Aufl.  1900,  p.  105,  and  Mlffula,  Die  Bakterten,  2.  Aufl..  1903,  p.  161 
Lemmerman,  Behrens  5. 

>Behren8.  Neiiere  Fortschrlttc  In  Wlrtschaftsbetrleb  und  Bodenkultur.  Vortrftce.  1911.  p.  127.  uod 
Mitt.  Deuts.  Landw.  Gessell.  1904,  p.  184. 

«GuDther,  Einf.  in  d.  Studium  d.  Baktertologie.  5,  Aufl.  p.  2.    Abdruck.  1902.  p.  61. 

'Schmidt  und  Weis.  Die  Bakt«rien.  1902,  p.  322. 

•Flficher,  A.,  Vorlesungen.  2.  1903,  Aufl.,  p.  189, 

'Percival,  John.  Agricul.  Botany,  1900,  p.  766.  (^  r^r^4^]r> 

«Conn,  H.  W.,  Agricultural  Bacteriology,  1901,  pp.  95,  99,  100, 103jgitized  by  VjOO^  IC 
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''For  this  reason  sewage  when  applied  to  land  should  be  used  cau- 
tiously and  not  too  frequently,  otherwise  the  soil  will  become  so  rich 
in  soluble  organic  matter  as  to  hinder  nitrification. 

"Thus  a  soil  too  rich  in  humus  is  an  unfavorable  nitrifying  ground 
*  *  *  Wiley  mentions  a  soil  from  Florida  containing  over  80  per  cent 
of  organic  matter  *  *  *  which  was  entirely  free  from  nitrifying 
ferments."* 

"The  principal  organic  food  of  the  nitrifying  organism  is  the  organic 
matter  of  the  soil  and  it  is  only  when  organic  matter  is  incorporated 
with  the  soil  that  it  can  serve  as  food  for  nitrifying  organisms. 

"In  the  presence  of  a  large  amount  of  organic  matter,  as  in  a  manure 
pile,  nitrification  does  not  take  place.  It  occurs  only  when  organic 
matter  is  largely  diluted  with  soil."' 

"The  nitrifying  organism  *  *  *  is  directly  inhibted  by  the  presence 
of  organic  matter. 

"It  is  probable  that  carbon  dioxide  is  the  only  available  source  of  car- 
bon, since  organic  substances,  like  glucose  and  peptone,  not  only  do  not 
favor  growth,  but  exercise  an  inhibitory  influence  upon  the  nitrite- 
forming  organism,  and  may  even  check  it  altogether  *  *  *  In  the 
presence  of  nitrogenous  substances  like  urea,  asparagin  and  egg- 
albumen,  Nitrosomonas  remains  impotent,  and  no  trace  of  either  nitrite 
or  ammonia  formation  is  found  after  the  lapse  of  months. 

"Given  ammonia  as  a  starting  point,  nitrite  formation  can  occur, 
provided  too  much  organic  matter  be  not  present."^ 

The  acceptance  of  these  views  by  recent  research  workers  in  this 
field  is  fairly  shown  by  the  following  quotations  from  the  literature : 

"Increasing  the  quantity  of  organic  nitrogen  from  1  to  3  gr.  per  kg. 
of  soil  was  clearly  unfavorable  to  nitrification.  Not  only  the  relative 
proportions,  but  also  the  absolute  quantities  of  nitric  nitrogen  decreased 
as  the  amount  of  organic  nitrogen  increased. 

"If  it  is  desired  in  the  preparation  of  composts  to  transform  nitrog- 
enous organic  matter  into  nitrate,  the  mixture  should  not  contain 
over  1  gr.  of  nitrogen  per  kg."* 

"In  cultivating  both  of  the  organisms  (nitrite  and  nitrate)  in  solu- 
tions and  in  jelly  I  can  only  confirm  Winogradsky's  methods,  which  I 
have  followed  rigidly  with  the  best  results.  The  presence  of  inorganic 
substances  only  is  the  most  favorable  condition  for  development."* 

"Leme,  Pichard,  and  others  have  shown  that  an  excess  of  organic 
matter  tends  to  check  or  prevent  nitrification.  Davy  observes  that  the 
reduction  in  nitrification  is  especially  marked  when  the  excess  of  organic 
nitrogen  is  of  animal  origin."* 

'ChestCT,  Frederick  D.,  Bacteria  of  the  Soli  In  their  relation  to  Agriculture.  Penn.,  Bui.  98,  1902.  p.  44. 

tSnyder,  Harry.  Soils  and  FertllixerB.  1908,  p.  137. 

Uordan,  Edwin  O.,  a  Text  Book  of  general  Bacteriology,  1908.  pp.  493.  495.  497. 

«Plehard,  P.,  effects  of  different  proportions  of  clay  and  of  organic  nitrogen  on  the  fixation  of  atmos- 
pheric nitrogen,  the  conservation  of  nitrogen  and  nitrification,  Compt.  Rend.  Acad.  Scl.  [Paris]  T. 
114.  1892,  p.  81-84.    E.  8.  S..  Vol.  Ill,  p.  039. 

*frJchult»^hu]taeDSteln,  Technol.  Quart..  Vol  XVII.  1904,  No.  2.  The  Nitrifying  Organisms  in 
Sewage  Filters  (Translated  by  A.  E.  Klmberly ).  ^ f  ^ 

•Gage.  Stephen  D.  M..  the  Bacteiiolysls  of  Peptones  and  Nitrates,  Technol.  Quglt.$(>'li^.^lSf  IPUj^UiC 
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The  apparent  irreconcilability  existing  between  the  conclusions  of 
Winogradsky  and  the  obvious  phenomena  of  nature  caused  some  to  hes- 
itate in  their  unqualified  acceptance.  Thus  we  find  Chester  after 
quoting  Winogradsky's  views  and  subscribing  to  them  as  quoted  above, 
making  the  following  statement : 

"In  ordinary  arable  land,  however,  the  quantity  of  organic  matter, 
or  humus,  never  reaches  a  height  suificient  to  interfere  with  the  process 
of  nitrification.  *  *  *." 

Other  recent  writers  upon  this  subject  have  been  significantly  silent 
regarding  the  inhibitory  influence  of  organic  substance  upon  nitrifica- 
tion without,  however,  adducing  any  evidence  bearing  upon  the  question. 

RECENT   RESEARCH. 

Certain  recent  researches  having  a  more  or  less  direct  bearing  upon 
the  question  of  the  validity  of  applying  Winogradsky's  conclusions  to 
field  conditions  may  now  be  mentioned. 

Withers  and  Fraps*  determined  the  nitrifying  power  and  humus  con- 
tent of  fifteen  typical  North  Carolina  soils  and  found  the  highest  nitri- 
fying power  in  the  soil  containing  the  highest  per  cent  of  humus.  The 
humus  in  this  case  was  2.66  per  cent  and  33.1  per  cent  of  the  initial 
added  nitrogen  (.3  grs.  in  500  grs.  soil)  was  nitrified  equivalent  to  198 
parts  N.  as  nitrates  in  one  million  parts  of  soil.  The  authors  state  that 
"most  of  the  soils  high  in  humus  are  high  in  nitrifying  power."  In  the 
same  publication  they  report  experiments  showing  that  the  addition  of 
3.22  per  cent  of  dried  barnyard  manure  to  the  soil  in  three  eases  gave 
less  nitrification,  after  four  or  five  weeks,  and  in  the  fourth  case  only 
very  little  more  nitrification  than  the  soil  itself. 

Lohnis,^  employing  soil  extract  and  inoculating  with  crude,  live  soil, 
showed  that  the  organic  matter  in  such  solutions  does  not  under  these 
conditions  inhibit  nitrification  and,  indeed,  that  nitrification  could  still 
proceed  when  there  was  organic  matter  enough  present  to  enable  denitri- 
fying bacteria  to  grow. 

Wimmer'  has  shown  that  nitrification  by  pure  cultures  is  more  rapid 
in  solutions  absorbed  by  sand  to  moderate  condition  of  moisture  (krii- 
melige)  than  in  ordinary  solutions,  also  that  the  inhibiting  influence  of 
peptone,  when  in  solutions  absorbed  by  sand,  is  much  less  than  when  the 
solutions  are  not  so  absorbed;  0.2  per  cent  of  peptone  was  inhibitive  in 
solutions,  0.4  per  cent  was  necessary  when  in  the  presence  of  the  sand. 

Gutzeit*  found  the  organic  matter  of  soil  extract  not  inhibitative  of 
nitrification. 

Buhlert  and  Fickendey*  found  nitrification  in  abundance  in  soil  ex- 
tract and  that  soils  of  high  humus  content  are  more  vigorous  nitrifier< 
than  those  poorer  in  humus. 

iRep.  N.  C.  Stat..  1902-03,  pp.  57-83 

*Cent.  f.  Bakt.  (etc.)  Abt.  II,  Bd.  12,  [1904]  448,  also  Bd.  13,  p.  706. 

sZtschr.  Hyg.  u  Inf.  Krankh,  48,  [1904]  reviewed  in  Koch's  Jahr.  u.  die  Fort,  in  d.  Lehr.  G&hnmcs- 
organiflme  15  [1904]  435.    Beitrag  zur  Kenntnis  der  Niti  ifikationabakterien. 

«Elnwirkung  dea  Hedrichs  auf  die  Nltrifikation  der  Ackei«rde.  Centbl.  Bakt.  [etc.]  Abt  II.  16  (19061. 
p  374. 

>Zurmethodlk  der  bakterlologlschen  Bodcnunterachung.    Centbl.  Bakt.  [etc.].\bt  II.  16  (1909).  p.  404. 


N.    C.    AGKICULTURAL    EXPEBIMENT    STATION.  49 

Bazarewski*  has  shown  a  favorahle  influence  of  dextrose  upon  nitrifi- 
cation in  a  mixture  of  sand  and  loam. 

Muntz  and  Laine^  found  that  in  liquid  cultures  nitrogen  as  ammo- 
nium humate  was  nitrified  faster  than  nitrogen  as  ammonium  sulphate 
and  that  in  culture  experiments  a  soil  with  a  high  humus  content  gave 
a  more  rapid  nitrification  than  one  of  poor  humus  content. 

Several  investigators  have  noted  great  variability  in  the  sensitiveness 
of  the  nitrifying  organisms  to  inhibiting  chemicals  according  to  the 
vigor  of  the  culture. 

Chick,'  working  with  sewage  nitrifying  organ  isms,  found  that  although 
the  nitro-bacteria  when  alone  could  not  grow  in  bouillon  that  it  was 
capable  of  surviving  an  inoculation  into  bouillon  if  in  the  presence  of 
other  bacteria.  Further  that  a  pure  culture  inoculated  for  four  genera- 
tions into  bouillon  was  still  capable  of  producing  nitrification.  She 
concludes : 

"The  amount  of  organic  matter  accumulated  in  a  sewage  filter  is  com- 
paratively great,"  and  it  seemed  most  unlikely  that  nitrification  should 
here  also  be  the  work  of  bacteria  so  extremely  sensitive  to  the  presence 
of  organic  matter. 

"One  is  compelled  to  conclude,  in  explanation,  that  the  presence  of 
the  accompanying  organism  in  some  way  protects  the  nitrate  bacterium 
from  adverse  influences  present  in  the  bouillon,  which  it  is  unable  to 
withstand  if  alone." 

Miiller  and  Weis*  have  shown  that  turf  with  ammonium  salts  and 
lime  added  nitrify  vigorously,  nitrifying  completely  not  only  the  ammo- 
nium salt  present  but  also  some  of  the  nitrogen  of  the  turf  itself. 

Still  more  recently  Karpinski,  A.,  and  Niklewski,  Br.,'  in  a  carefully 
planned  series  of  experiments,  have  demonstrated  that  various  organic 
compounds  in  low  concentration  when  used  in  mixed  cultures  clearly 
favor  nitrification  and  have  definitely  shown  by  experiment  that  humus- 
rich  soil  nitrifies  more  actively  than  humus-poor  soil.^ 

Coleman,  Lescie  C.,*  in  what  is  one  of  the  most  important  of  recent 
contributions  to  soil  bacteriology)  calls  especial  attention  to  apparent  dis- 
agreement of  Winogradsky's  conclusion  and  the  obvious  condition  of 
nature  as  well  as  to  the  fact  that  Winogradsky's  work  was  conducted  in 
fluid  media.  In  his  own  experiments  Coleman  demonstrated  that  in  a 
niixture  of  sand  and  loam,  unsterilized,  dextrose,  cane  sugar,  glycerine 
and  lactose  each  in  small  quantities  hastens  nitrification  somewhat.  That 
in  pure  cultures  in  sterile  earth  and  sand,  or  sand  alone,  dextrose  in 
?mall  quantities  favors  nitrification.  Nitrification  in  sand  and  in  fluid 
cultures  was  compared  and  it  was  clear  (p.  486)  that  an  amount  of  dex- 
trose that  was  inhibitive  in. the  fluid  was  not  inhibitive  when  in  sand. 

'Raiarewvlcl.  Beitrage  sur  KenntnlB  der  Nitrifikatlon  and  Denitrifikatlon  im  Boden.    [Dlra.]  Got- 
tincv-n  1906. 
^'ompt.  Rend.  Acad.  Scl.  [Plu-la]  143,  [1006,]  p.  430. 
'Pror.  Royal  Soo..  (Loadon.lJ?  B..  pp.  243  and  517. 
*Nmturw.  Zeltucbr.  I^nd  u.  Foretw.  Bd  5  [1907],  p.  232. 

^Karpimkl.  A.,  und  Nlklewskt,  Br.  Ubcr  den  Elnfluas  organlscher  Verbindungen  auf  den  Verlauf  der 
Nimfikatlon  in  unreinen  Kulturen.    Extr.  Bui.  Acad.  d.  Set.  Cracovie,  1907.  . 

•f'oUman.  Leslie  C.  Untersuchugen  ttber  Nitrifikatlon.    Central  Bak.  Abt  II,  2Jiiti||9%yIViPi:)OglC 
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Similar  results  were  attained  regarding  nitrification,  showing  differences 
in  the  action  of  dextrose  in  sand  and  in  solution. 

Miintz  und  Laine,^  studying  this  question  to  determine  the  best  means 
of  providing  saltpeter  for  the  manufacture  of  gunpowder,  found  that 
nitrification  was  favored  by  humus  and  they  therefore  selected  peat 
"Qui  est  un  milieu  extremement  riche  en  matieres  organiques  et  hunii- 
ques,"  as  a  material  to  support  nitrification,  in  which  they  found  nitrifi- 
cation to  proceed  very  rapidly. 

Lemmerman,  Fischer,  Kappen  and  Blanck*  have  shown  that  the 
amount  of  nitrification  is  largely  regulated  by  the  conditions  of  the 
culture  and  that  different  results  are  given  in  earth  cultures  from  those 
attained  by  sand  cultures  or  fluid  cultures. 

•  The  results  of  preliminary  work  of  Makrinow,  A.,  are  summoned  up 
as  follows: 

Organic  matter  in  the  form  of  soil  or  of  extracts  from  dry  leaves  or 
soil  exerted  a  favorable  influence  in  a  liquid  medium.* 

Summarizing  chronologically  the  results  of  previous Vork  and  of  that 
reported  in  this  article,  the  following  evidence  obtains  to  show  that 
Winogradsky's  laboratory  results  do  not  apply  to  field  conditions : 

"Most  of  the  soils  high  in  humus  are  high  in  nitrifying  power." 
Withers  and  Fraps,  1903. 

The  organic  matter  in  soil  extracts  with  mixed  cultures  does  not  in- 
hibit nitrification.     Lohnis,  1904,  and  Gutzeit,  1906. 

Organic  matter  sufficient  for  denitrification  does  not  inhibit  nitrifi- 
cation.    Itersen,  1904. 

Organic  matter  absorbed  by  pure  sand  is  not  so  strongly  inhibiting 
in  its  action  as  when  in  solution.    Wimmer,  1904. 

Nitrifying  organisms  can  live  and  multiply  in  bouillon.    Chick,  1906. 

Nitrification  is  greater  in  soils  of  large  humus  content  than  in  soils 
of  low  humus  content.    Buhlert  and  Fickendey,  1906. 

Dextrose  in  a  mixture  of  sand  and  loam  favors  nitrification.  Bazer- 
ewski,  1906. 

Nitrification  can  proceed  more  vigorously  in  Ammonium  humate 
than  with  ammonium  sulphate.    Miintz  and  Laine,  1906. 

Nitrification  in  mixed  cultures  is  favored  by  small  amounts  of  or- 
ganic matter.    Karpinski  und  Niklewski,  1907. 

Nitrification  can  proceed  vigorously  in  turf.    Muller  und  Weis,  1907. 

In  both  pure  and  mixed  cultures  dextrose,  cane  sugar,  glycerine,  and 
lactose  favor  nitrificatioji  if  present  in  small  quantities.  The  amount 
of  dextrose  necessary  to  inhibit  is  larger  in  sand  than  in  solution.  Cole- 
man, 1908. 

Organic  matter  exerted  a  favorable  influence  on  the  growth  of  the 
nitrous  organism  in  a  solid  substratum,  but  an  unfavorable  influence 
in  a  liquid  medium.     Makrinow,  1909. 

Nitrification  with  pure   and  with  mixed  cultures  of  nitrifying  or- 

•Munti  et  Lalne.  Recherchea  sur  la  nitrifikatlon  Intensive  et  restabliasement  des  nitritte  a  haut« 
rcndements,  Ann.  Inst.  Nat.  Agron.  Vol.  II,  p.  76  (1907)  p.  3  f. 

•MlttcllunR  de  agrtkultur  chem.  Verauohsstat.  Berlin,  Instlt.  f .  VeTSUchswes.  u,  Bakteriol.  a.  d.  kosls!. 
landwirtschaftll.  Hochachule.  Bakterlolog.  Chem.  untersuchungen.  Chem.  bakterioloff.  TeiU 
LandwI.  Jahn.  38,  p.  319.  OOyi 

•Veyestnlk  Bakt.  (Airron.  Stantill  V.  K.  Ferreln.  1908:  No.  U,  pp.  13»-179;  AbslCln'Zhur.  Opulta. 
Agron.)  (Ru88.)  Jour.  Expt.  Landw.)  10.  1909,  pp.  427.  248). 
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ganisms  is  inhibited  less  by  such  organic  matter  as  peptone,  cottonseed 
meal  or  cow  manure  in  soils  than  it  is  in  solutions.  Stevens  and 
Withers,  present  article. 

To  this  it  may  be  added  that  Gavinet  and  Chevrand,  more  than  a 
hundred  years  ago,  observed  that  large  quantities  of  saltpetre  com- 
monly formed  in  stables  where  sheep  and  goats  are  kept,  attributing 
this  to  the  fact  that  sheep  and  goat  dung,  kept  warm,  thinly  spread 
out,  and  occasionaly  moistened  with  urine,  conditions  under  which  it 
is  usually  found,  offer  conditions  fit  for  nitrification.^  For  many 
years  it  has  been  known  that  in  the  manufacture  of  saltpetre, 
nitrification  occurs  in  very  active  form  in  the  most  of  organic  mixtures, 
flesh,  urine,  animal  and  vegetable  matter  of  all  kinds  while  in  very 
recent  years  we  have  the  thorough  work  of  Miintz  and  Laine*  showing 
rapid  production  of  saltpetre  in  highly  organic  nitrifying  beds.' 

There  are  then  clearly  two  fundamental  reasons  why  the  activity  of 
the  nitrifying  organisms  as  studied  in  pure  culture  in  the  laboratory 
can  not  be  compared  with  the  activities  of  the  same  organisms  in  the 
field. 

1  In  mixed  culture  their  symbolic  and  physiologic  relations  are  so 
different  from  those  obtaining  in  pure  cultures  that  their  metabolic 
processes  are  difficulty  expressed. 

2.  The  presence  of  large  amounts  of  solid  matter,  sand  or  earth  in 
contact  with  the  liquid  medium  so  alters  its  relation  to  the  nitrifying 
organisms  that  their  physiologic  activities  and  metabolic  products  are 
different. 

The  explanation  of  these  two  facts  is  still  far  to  seek,  but  it  may  be 
remarked  that  a  pure  culture  of  a  nitrifying  organism  in  an  artificially 
prepared  solution  is  an  exceedingly  unnatural  environment  for  an  or- 
ganism residing  naturally  in  soil  with  its  manifold  species,  both  animal 
and  vegetable,  and  with  a  chemical  and  physical  constitution  whose 
intricacies  we  can  as  yet  but  vaguely  surmise. 

Possibly  a  study  of  other  of  our  animal  or  vegetable  friends  under 
such  abnormal  conditions  would  lead  to  pictures  equally  wide  of  the 
natural. 

CONCLUSION. 

In  the  light  of  the  facts  set  forth,  the  direct  application  of  Wino- 
gradsky's  conclusions  to  the  field  must  be  abandoned  and  with  them 
any  practices  based  upon  them,  and  the  activities  of  these  soil  bacteria 
must,  in  the  future,  be  studied  more  largely  under  their  natural  envi- 
ronments. 

Organic  matter  even  to  a  large  amount,  as  considered  agriculturally, 
is  not  necessarily  inimical  to  the  functioning  of  nitrifying  organisms 
in  the  field.  

As  the  proof  of  the  foregoing  article  reached  us,  came  also  the  excel- 
lent work  of  Niklewski,*  which  substantially  confirms  our  own  results 
and  presents  an  admirable  historical  review  of  the  subject. 

'Ajcneulture  in  some  of  lU  relations  with  chemistry,  by  Storer.  F.  H.,  Voi.  I.,  p.  486. 

*Munts  and  Lalne,  1.  c.  --" '^ 

■For  a  full  description  of  theee  proccflflcs  and  history  of  the  art,  sec  Thieic,  O.,  Saltpeter  wlrtschaft 
un.  SaltpeterpoUtik.  (Zeltach,  f.  d.  ftesam.  Staatswias.  nd.  15.  1905. 

•B.  NlUewBkl  Uber  die  Bedingungen  der  Nltrifikation  in  Stallmist  Centbl.  Bakt.  Ab.  II.  1010.  (No. 
».  p.  13-15). 
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THREE  INTERESTING  SPECIES  OF  CLAVICEPS.^ 

By  F.  L.  Stevens  and  J.  G.  Hall. 


Figure  1— Scleroiia  of  C.  Paspali  aa  aean  upon  the  host. 

One  of  the  fungi  most  commonly  met  in  North  Carolina  occurs 
in  selerotial  form  upon  Paspalum  laeve  and  P.  dilatatum.-  Over  large 
areas  every  plant  may  bear  spikes  showing  one  or  more  of  these  sclero- 
tia.  In  summer  these  are  covered  with  a  yellowish  coat  of  spores  and 
the  fungus  has  therefore  been  variously  designated  as  Sclerotium  Pas- 
pali Schw.  Spacelia  Paspali  Barnet,  Spermoedia  Paspali'  Fr.  The 
species  was  used  extensively  by  the  authors  in  a  physiological  investi- 
gation^* and  is  well  represented  in  the  accompanying  cuts. 

iPubllahed  m  Bot.  Ga..  50:  460.  463.  igitized*=6y  V^UU^lt: 

«Th€>se  species  were  kindly  determined  for  us  by  A.  S.  Hitchcock. 
^Farlow  Host.  Ind.,  p.  153;  also  Sacc.  Syll.  Fung.  14.  1152. 
"Variation  of  Fungi  due  to  environment,  Bot.  Gaz.  48- 1-30. 
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Figure  3.— Sclerotia  of  Clavloeps 
germinated. 


The  abundance  of  the  form  and  the  fact 
that  its  perfect  stage  appeared  to  be  unknown 
led  us  to  attempt  to  grow  from  it  an  ascigerous 
stage.  Numerous  sclerotia  which  had  wintered 
out  of  doors,  naturally  were  collected  from  the 
ground  where  they  had  fal- 
len and  were  planted  on 
moist  earth  in  glass  cap- 
sules which  were  kept  at 
room  temperature.  After 
20  to  25  days  signs  of  germ- 
ination     appeared        Soon 

stalks  from  5  to  18  mm.  long  developed  and  on  their 
ends  round  heads  1-2  mrii.  in  diameter.     (Fig  3.) 
By  teasing  or  sectioning  perithecia  and  asci  of  the 
typical  claviceps  form  were  found.     But  most  re 
markable   two   clearly   distinct   types  of  perithecia, 
differing  strikingly    in  size 
and     shape     and     bearing 
spores  of  decidedly  different 
size  were  found.     The  peri- 
thecia of  the  two  forms  are 
shown  in  Figs.  4-5. 

In  the  collection  of  the  U. 
S.  Department  of  Agricul- 
ture were  found  sclerotia 
from  Paspalum  bearing 
asci.  These  proved  to  be 
identical  with  the  small 
spored  form  of  our  own  col- 
lection. 

Correspondence  betw^een 
Prof.  Rolfs  and  the  Depart- 
ment of  Arriculture  which 

has  kindly  been  palced  at  our  service  shows  that 
Prof.  Rolfs  at  Clemson  in  1901  noted  the  ascigerous 
stage  of  sclerotium  Paspali  Schw.  on  P.  dilatatum, 
and  further  observed  that  the  ascospores  were  dis- 
seminated largely  by  beetles,  principally  of  the  fam- 
ily CarabidoB,  which  running  over  the  ground  came 
in  contact  with  the  spores  and  later  in  seeking  a 
high  point  from  which  to  fly  would  run  up  the 
culms,  over  the  pistils  and  thus  bring  about  in- 
fection of  the  ovaries. 

Since  the  two  species  of  claviceps  under  discus- 
sion differ  markedly  from  any  heretofore  describ- 
ed, and  from  the  only  Claviceps  upon  Paspalum, 
(C.  lutea  A.  Moll),  and  from  each  other  in  many 
essential  characters,  prominently  so  in  length  of 


FiQCRB  4.— Perithecia   of   C. 
\J     Rolfsii  (magnification 
as  in  fig.  11.) 


FiouRK  2.— Sclerotia  of 

C.  Paspali  upon  the 

ho«t,  enlarged. 


Figure  5.— Perithecia  of  C. 

Paspalia  (magnification 

as  in  fig  10.) 
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stipe  and  size  of  perithecia  and  spores; 
we  herewith  propose  them  as  new  species; 
the  small  spored  form  as  C.  Paspali;  the 
large  spored  form  as  C.  Rolfsii.  The 
relation  of  these  two  species  of  Sclerotium 
Paspali  Schw.  is  not  definitely  known. 
Both  of  them  are 
associated  with 
what  has  hereto- 
fore been  known  as 
S.  Paspali  Schw. 
It  therefore  seems 
probable  that  two 
sclerotial  forms 
very  closely  re- 
sembling each  other 
have  been  com- 
prised under  the 
one  name,  Sclero- 
tium Paspali,  but 
careful  cultural 

studies  and  infection  experiments  alone 
can  reveal  the  true  relationship.  That 
Sclerotium  Paspali  really  belongs  to  the 
form  genus  Sphacelia  where  it  was  placed 
by  Bornet  is  also  clear,  possessing  as  it 
does  small  ovoid  conidia  borne  upon  sim- 
ple, slender  stalks. 


Figure  7.—C.  Tripsart: 
sclerotium  showing 
heads  and  stalks  X  2.5. 


Figure  8.— Perithecia  of  C.  Tripsaci 
(magnification  as  In  figs,  10  and  II.) 

Clarlceps  Paspali  n.  sp, — Sclerotia  yel- 
low to  gray,  globose  roughened  when  ma- 
ture, about  3  mm.  in  diameter;  head  dull 
yellow,  stipe  short  to  medium,  usually  not 
more  than  1  cm.  long,  filiform;  perithe- 
cia completely  covering  head,  numerous,  oval,  340  x  119  /*;  asci 
cylindrical  174  /*  long;  spores  filiform  101  x  1-2 — 1  /i. 

Claviceps  Rolfsii  n.  sp. — Sclerotia  yellow  to  gray,  globose  roughened 
when  mature,  about  3  mm.  in  diameter;  head  dull  yellow;  stipe  filiform 
but  thicker  than  in  C.  Paspali  1-1.5  cm.  long;  perithecia  few  in  head 


Figure  6.— C.Trliwacl  upon  the  host. 
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and  mostly  upon  extreme  distal  portion,  cylindrical  ovate,  816  x  225  fi 
asci  cylindrical  375  x  3  /i;  spores  filiform,  260-275  x  1-2 — 1  /i. 

Upon  Gama  grass  (Tripsacum  dactyloides  L.)  in  late  summer  and 
well  into  winter  characteristic  fungous  growths  are  often  seen  protrud- 
ing from  the  basal,  ovulate,  portions  of  the  spike,  sometimes  nearly 
every  spikelet  being  affected  (Fig.  6).  The  structures  are  white  from 
12  to  20  mm.  long,  and  about  2-3  mm.  thick.  Toward  their  tips  they 
may  be  browned  and  more  shrunken  than  in  regions  near  their  bases. 

Examination  of  the  affected  spikelet s  shows  the  seed  to  be  absent  and 
its  place  to  be  occupied  by  a  white  sclerotium  approximately  the  shape 
of  the  seed  of  the  host.  In  general  the  appearance  is  that  of  a  Claviceps 
sclerotium,  except  that  it  is  white  and  soft,  the  protruding  horn  being  the 
remnant  of  the  summer  stage. 

Throughout  the  early  part  of  the  season  the  protruding  part  bears 
myriads  of  straight  to  lunulate  spores,  showing  strong  resemblance  to 
the  ordinary  lunulate  Fusarium  spore.  The  internal  portion  remains 
sterile  throughout  the  winter. 

The  appearance  throughout  was  so  Claviceps-like  that  sclerotia  were 
collected  in  autumn  and  wintered  in  an  open  air  hibernating  house  then 
planted  for  gertiiination  in  the  same  mannec  employed  with  the  Paspa- 
lum  sclerotia.  After  some  20  days  the  emergence  of  ascophore  stipes 
was  noted  and  5  days  later  the  heads  were  well  developed  upon  them. 
(Fig.  7.)  A  particularly  striking  feature  is  the  tendency  of  the  stipes 
to   fork   and  produce  two  or  even  four  heads  upon  the  same  stalk. 

Teasing  or  sectioning  showed  typical  Claviceps,  perithecia  and  asci. 

The  species  seems  to  be  new  and  we  described  it  as  Claviceps  Tripsaci. 

Claviceps  Tripsaci  n,  sp. — Sclerotia  smooth,  dark  brown  to  black, 
nearly  conical,  4-5  mm.  in  diameter  at  base;  heads  gray  to  grayish  white, 
stipe  thick,  white  to  purplish  white,  1-1^  cm.  long;  perithecia  numer- 
ous, elliptical  in  longitudinal  section  with  a  short  beak  toward  the  sur- 
face of  the  head,  390  x  153-187  ^;  asci  cylindrical  145-175  x  2-3  /*; 
spores  filiform  130  /i  long. 

Conidia  hyaline,  continuous,  fusoid,  to  lunulate  17.4-37.7  x  29-8.7  /* 
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MODIFICATION  OF  THE  DIPHENYLAMINE  TEST  FOR  NI- 
TROUS AND  NITRIC  ACIDS. 
By  W.  a.  Withers  and  B.  J.  Ray. 

Diphenylamine  was  discovered  by  Hofmann^  in  1864,  and  the  blue 
coloration  which  he  found  that  it  gives  with  various  oxidizing  agents 
has  since  been  used  for  the  detection  of  the  presence  of  minute  amounts 
of  nitric  acid. 

In  1872  Kopp*  first  proposed  its  use  for  the  detection  of  nitrous  acid 
in  commercial  sulpuric  acid. 

In  1875  Bottger*  proposed  that  the  reaction  of  Kopp  be  used  for  tbe 
detection  of  the  presence  of  nitrites  and  nitrates  in  potable  waters. 

Since  that  time  various  chemists  have  given  consideration  to  the 
subject  and  have  proposed  modifications  of  the  method  of  applying  the 
test — ^some  of  them  being  very  delicate  and  others  less  so.  It  was  the 
need  of  a  reliable  and  delicate  test  for  nitrites  and  nitrate^  which  led 
us  to  take  up  this  work. 

For  preparing  the  reagent  Cohn*  and  Wiley^  use  diphenylamine  and 
concentrated  sulphuric  acid  and  specify  no  relation  between  the  amounts 
except  that  Wiley  refers  to  4  cc.  of  sulphuric  acid.  Fresenius*  and 
Eggermainz'  use  10  mgms.  and  Muller®  20  mgms.  of  diphenylamine 
to  100  cc.  of  concentrated  sulphuric  acid.  Warington*  dissolves  in  an 
indefinite  amount  of  water  and  adds  an  indefinite  amount  of  concen- 
trated sulphuric  acid.  Lunge^®  and  TreadwelP^  use  500  mgms.  of  diph- 
enylamine for  each  100  cc.  of  concentrated  sulphuric  acid  and  add  20 
cc.  of  water.  Hager'*  uses  1  gram  to  each  150  cc.  of  acid,  and  adds  30 
cc.  of  alcohol,  and  Cimmino^*  uses  6  per  cent  hydrochloric  acid  without 
giving  the  relation  between  the  diphenylamine  and  sulphuric  acid. 

The  manner  of  making  the  test  diflFers  with  diflFerent  chemists.  To 
1  cc.  of  the  liquid  to  be  tested,  the  amount  of  diphenylamine  reagent  to 
be  used  is  specified  as  "1  drop,"  "3  to  4  drops,"  "a  few  drops"  and  "5 
cc,"  and  in  some  instances  no  amounts  are  stated.  Some  use  also  sul- 
phuric acid  in  making  the  test.  Some  float  the  liquid  to  be  tested  upon 
the  reagent,  some  mix  the  liquid  and  reagent  and  float  the  mixture  over 
concentrated  sulphuric  acid,  and  Wiley'  heats  at  80  degrees  for  15 
minutes.  Some  simply  say  "treat"  and  give  no  details.  The  table  given 
below  shows  those  facts  more  in  detail. 

The  manner  of  making  the  test  is  of  considerable  importance.  When 
the  amount  of  nitrate  or  nitrite  is  small  it  is  possible  to  place  tbe  two 
liquids  in  layers  without  the  development  of  a  color.  In  this  case  the 
color  will  develop  promptly  upon  gentle  agitation  which  causes  a  slight 
mixing  of  the  two  liquids  at  the  plane  of  contact.  This  blue  band  mav 
be  made  to  disappear  entirely  upon  thoroughly  mixing  th^  liquids  if  the 
nitrates  and  nitrites  are  in  small  amounts. 

An  excess  of  diphenylamine  over  the  amount  required  for  the  reaction, 
actually  retards  or  prevents  the  development  of  the  coloration.  This  was 
shown  by  us  in  a  series  of  tests  in  which  varying  amounts  of  the  diph- 
enylamine reagent  were  used.  When  we  used  one,  two  or  three  drops 
of  the  Treadwell  ^^  reagent  2  cc.  of  the  liquid  to  be  tested  and  2  cc.  of 
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concentrated  sulphuric  acid  we  obtained  a  good  ring,  but  when  we  used 
five,  seven  or  ten  drops  of  the  same  reagent  and  other  conditions  as 
before,  no  satisfactory  coloration  was  developed. 

The  amount  of  sulphuric  acid  is  extremely  important  and  the  ad- 
dition to  it  of  small  amounts  of  a  mixture  of  diphenylamine  reagent 
and  nitrate-bearing  liquid  which  have  not  given  the  test  will  frequently 
develop  a  strong  coloration. 

Warington®  in  1885  i*eferred  to  the  greater  delicacy  of  the  test  in  the 
presence  of  chlorides,  and  in  1899  Cimmino*^  proposed  the  use  of  5  per 
cent  hydrochloric  acid  either  by  adding  a  few  drops  of  this  acid  in 
making  the  test  or  by  adding  this  acid  to  the  solution  of  the  base  in 
sulphuric  acid.  In  a  test  tube  he  placed  1  cc.  of  the  solution  to  be  tested, 
3  or  4  drops  of  the  diphenylamine  solution  in  siilphuric  and  hydro- 
chloric acids,  2  cc.  of  concentrated  sulphuric  acid  and  shook.  In  any 
case  the  color  develops  gradually  and  reaches  the  maximum  after 
some  minutes;  an  elevated  temperature  hastens  the  development  of  the 
color.  Practically  any  of  the  methods  will  show  the  presence  of  one  part 
of  nitrate  nitrogen  in  10  million. 

Combining  some  of  the  features  of  the  diflFerent  methods  we  have 
prepared  a  reagent  which  in  our  hands  has  proven  to  be  very  delicate. 
It  is  made  in  the  following  manner:  700  mgms.  of  diphenylamine  are 
dissolved  in  a  mixture  of  60  cc.  of  concentrated  sulphuric  acid  and 
28.8  cc.  of  distilled  water.  The  resulting  mixture  is  thoroughly  cooled 
and  11.3  cc.  of  concentrated  hydrochloric  acid  (sp.  gr.  1.19)  are  added 
slowly — making  the  hydrochloric  acid  content  5  per  cent.  After  stand- 
ing over  night  some  of  the  base  separates  showing  that  the  reagent  is 
saturated.  The  test  with  the  diphenylamine  reagent  as  prepared  by 
us  is  conducted  as  follows:  Place  1  cc.  of  the  liquid  to  be  tested  in  a 
clean  test  tube;  add  1  drop  of  the  diphenylamine  reagent  and  mix 
thoroughly  by  shaking.  From  a  pipette  is  added  2  cc.  of  concentrated 
sulphuric  acid,  while  the  tube  is  held  at  an  angle  so  as  to  form  two 
layers  of  the  liquids.  The  tube  is  gently  agitated  so  as  to  cause  a  slight 
mixing  of  the  liquids  at  the  plane  of  contact,  and  it  is  then  placed  in  a 
bath  at  the  temperature  of  40  degrees  and  left  for  15  or  20  minutes. 
This  method  will  reveal  the  presence  of  one  part  of  nitrite  nitrogen  in 
25  million  or  one -part  of  nitrate  nitrogen  in  35  million.  By  heating 
for  one  hour  instead  of  15  or  20  minutes  the  test  will  show  one  part 
of  nitrite  nitrogen  in  32  million  or  one  part  of  nitrate  nitrogen  in  44 
million. 
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XOTES  OX  PLANT  DISEASES  OCCURRING 
IN  NORTH  CAROLINA. 

By  F.  L.  Stevens  and  J.  H.  Hall. 

AMBROSIA. 

Hhodochytrium. — In  1903  one  of  us  (.Stevens)  noted  in  great  abun- 
dance a  peculiar  distortion  of  the  ordinary  ragweed  in  the  neighborhood 
of  West  Kaleigh,  accompanied  by  a  close  infestation  of  the  plant  with 
rod  Synchytriuni-like  pustules.  Each  year  since,  the  same  disease  has 
been  repeatedly  seen  in  great  abundance  in  various  sections  of  the  State, 
often  so  abundantly  that  its  presence  could  be  easily  discerned  from  the 
window  of  the  passing  train.  It  has  also  been  collected  at  the  following 
points  in  North  Carolina: 

West  Raleigh,  Enfield,  Polkton,  Clayton,  Cary,  McLeansburg,  David- 
sou,  Mt.  UUa,  niddenite,  Taylorsville,  Connelly  Springs,  Marion, 
Kutherfordton,  Ilendersonville  and  Auburn. 

The  fungus  has  been  determined  by  both  Farlow  and  Atkinson  as 
Pihodochi/trium  spilanthides  of  Lagerheim,  which  is  of  peculiar  interest 
both  owing  to  its  unique  systematic  position,  its  peculiar  host  relation 
and  its  geographical  distribution.  It  has  so  far  been  collected  upon 
only  three  hosts,  two  composites,  Spilanthes  and  Amhrosia,  and  upon 
Aficlepia^  pumila,  and  only  in  distant  sections,  viz.:  Ecuador  by  Lager- 
heim in  1889,  where  diligent  search  failed  to  reveal  it  upon  other  hosts; 
in  Kansas  in  1904,  by  Bartholomew,  whose  specimens  were  determined 
l»y  Farlow  and  later  distributed  in  Fungi  Columhiani  as  No.  2166;  by 
Stevens  in  North  Carolina,  as  above  stated,  and  in  South  Carolina.^ 
While  this  fungus  was  found  upon  Ambrosia  art emisiw folia  in  every 
locality  in  North  Carolina  where  the  trouble  was  taken*  to  look  for  it, 
diligent  search  has  failed  to  reveal  it  upon  .4.  trifida  throughout  the 
-ame  range  though  this  host  has  been  repeatedly  ^and  carefully  ex- 
amined. 

Perhaps  greatest  interest  attaches  to  the  systematic  position  of  this 
l^-cnliar  organism  rejected  as  it  has  been  by  both  mycologists  and  algolo- 
iri'Jts,  though  at  present  regarded  as  an  alga. 

APPLE. 

Kipe  Rot  (Glomerellose.) — This  disease  was  noticed  in  very  great 
abundance  at  all  the  many  places  visited  on  the  Southern  Railway 
between  Goldsboro  and  Murphy.  In  many  instances  badly  decayed 
ajiydes  were  offered  for  sale  in  the  stores.  Many  cases  were  noted 
of  orchards  which  would  have  otherwise  been  profitable,  but  whose 
vicld  was  entirely  destroyed  by  this  disease.  This  w^as  particularly  the 
'•a«e  in  Halifax,  Randolph,  Guilford,  Davidson,  Surry,  Stokes,  Catawba, 
Burke,  Cherokee,  Buncombe,  Haywood,  McDowell  and  Wake  counties. 

riitocybose. — Death  of  trees  in  orchards  in  Haywood  County  was 
reported,  and  investigation  showed  the  presence  of  a  fungus  which,  to 
all  appearances,  was  Gliiocyhe  parasitica.  This  fungus  is  said  by  Wil- 
cox- to  be  a  true  parasite  and  is  presumably  responsible  for  the  disease 
in  the  present  instance.  Digitized  by  ^uOglc 

>Tufta  College  f^tudles.  No.  3.  p.  148.  1908.' 
'f)kla.  iHa.  BuL  49.  1901. 
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Rust. — Rust  continues  to  be  a  most  serious  apple  enemy  in  the  Pied- 
mont and  eastern  sections.  It  was  noted  in  especial  abundance  in  Clay, 
Swain,  Wake,  Mecklenburg,  Forsyth,  Guilford,  Alamance  and  Caswell 
counties. 

Hypochnose. — This  disease,  the  subject  of  a  special  paper  in  our  last 
report,  is  one  of  the  most  prevalent  of  apple  diseases  in  the  mountain 
section,  often  causing  complete  defoliation  of  whole  orchards.  It  has 
now  been  seen  in  abundance  in  Duplin,  Bladen,  Surry,  Yancey,  Mc- 
Dowell, Rutherford,  Henderson,  Haywood,  Macon,  Madison,  Clay. 
Transylvania,  Jackson,  Graham,  Swain  and  Cherokee  counties. 

Powdery  Mildew. — An  unusual  outbreak  of  this  mildew  upon  mature 
apple  trees  was  noted  in  the  spring  of  1910  in  Wake  County.  Though 
this  fungus  usually  appears  in  destructive  form  only  upon  nursery 
stock,  in  this  instance  terminal  shoots  for  a  distance  of  eight  or  more 
inches  back  from  the  tip  were  destroyed  by  the  disease;  the  leaves 
dropping,  curling  and  dying,  meanwhile  becoming  thoroughly  coated 
with  the  mildew.    The  disease  was  also  reported  from  Johnston  County. 

Leaf  Spot. — The  common  apple  leaf  spot  continues  to  be  very  serious 
in  all  Western  IN'orth  Carolina  when  spraying  is  neglected.  In  the 
Eastern  and  Piedmont  regions,  this  enemy  is  not  so  troublesome;  the 
spots  are  much  smaller  and  very  little  defoliation  results.  It  has  been 
collected  in  Cherokee,  Graham,  Swain,  Macon,  Haywood,  Henderson, 
Buncombe,  McDowell,  Burke,  Caswell,  Catawba,  Iredell,  Rowan,  David- 
son, Forsyth,  Guilford  and  Jackson  counties. 

Blight,  Bacillose. — The  blight,  while  not  so  destructive  upon  this  host 
as  upon  the  pear,  is  still  serious  in  many  instances.  It  was  noted  par- 
ticularly in  Caswell,  Sampson,  Iredell  and  Buncombe  counties. 

Scab. — Scab  still  prevails  in  all  unsprayed  orchards.  It  is  seen  in  its 
most  injurious  form  in  spring  when  it  is  followed  by  soft  rots.     Most 


Figure  9.— Apple  Blot«h. 


of  the  apples  on  sale  are  then  rotted  and  show  the  scab  at  the  center  of 
the  rot,  marking  the  invasion  point  of  the  fungus. 

Blotch   (Phi/Jlostirta  soUtaria.) — This  serious  disease  of  jthe  middle 
west  has  as  yet  caused  no  loss  in  Xorth  Caroliiiize|)i|j^fs^^C|)pen  coUected 
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in  small  quantity  chiefly  as  a  bark  canker  from  Surry,  Guilford,  Wake, 
Harnett  and  Edgecombe  counties. 

Black  Kot. — Black  rot  has  been  collected  in  Guilford,  Sampson,  Ca- 
tawba and  Alexander  counties. 

Canker. — ^A  canker  of  apple  limbs,  new  to  us  has  appeared  in  very 
destructive  form  during  the  past  year.  The  disease  is  characterized  as 
follows : 

Upon  the  young  twigs  appear  white  or  pinkish-white  pustules.  Upon 
closer  examination  the  epidermis  and  the  corky  layer  just  underneath 
are  seen  to  be  wrinkled  and  separated  from  the  rest  of  the  bark.  Then 
this  thin  layer  of  the  bark  splits  open  and  exposes  a  brown  surface. 
In  many  cases  the  epidermis  does  not  split  and  the  pustules  are  then 
produced  at  any  point  of  weakness,  as  near  the  lenticels.  Upon  the 
older  twigs  the  epidermis  becomes  wrinkled  and  later  it  cracks  longi- 
tudinally and  the  fungus  appears  in  rows  of  whitish  pustules  in  the 
cracks. 

In  the  majority  of  cases  of  aflFected  twigs  there  is  no  external  ap- 
pearance of  the  fungus  except  the  pustules,  but  in  some  instances  there 
is  a  striking  pinkish  white  mycelial  growth  over  large  areas  of  the  sur- 
face of  the  bark.  In  some  such  cases  the  growth  is  smooth  and  forms 
a  comparatively  even  whitish  coat  over  the  twng  surface.  In  the  other 
eases  the  mycelial  covering  of  the  twig  is  broken  up  into  small  areas; 
each  area  of  the  fungus  being  surrounded  by  a  crack  through  which 
the  bark  may  be  seen. 

Under  the  microscope  the  pustules  are  seen  to  be  made  entirely  of 
mycelial  threads,  though  their  outward  appearance  leads  to  the  thought 
that  they  are  composed  of  a  number  of  perithecia.  This  appearance 
is  purely  superficial. 

In  all  cases  the  cambium  under  the  diseased  spots  was  dead,  brownish, 
and  in  many  cases  the  dark  brown  color  extended  considerable  distance 
into  the  wood.  Microscopic  examination  of  this  brown  wood  revealed 
the  presence  of  a  mycelium  which  agreed  in  every  way  w'ith  that  found 
so  abundantly  upon  the  surface  of  the  twigs. 

The  disease  has  been  received  only  from  Reepsville,  N.  C,  on  Octo- 
lier  5, 1909,  but  its  history  was  especially  interesting  in  that  it  was  noted 
bv  the  owner  of  the  orchard  on  one  tree  only  in  the  autumn  of  1908, 
and  progressed  rapidly  through  the  orchard,  taking  thirteen  trees  dur- 
ing the  succeeding  twelve  months,  notwithstanding  the  fact  that  the 
owner  cut  out  all  disease  that  he  saw  and  sprayed  thoroughly  w^ith 
lime-sulphur. 

The  disease  appears  to  be  particularly  aggressive  and  though  as  yet 
rare,  apple  growers  should  watch  carefully  for  it  and  check  its  invasion 
upon  its  first  appearance  in  the  orchard  and  before  it  develops  beyond 
control.  It  may  infest  but  one  tree  the  first  year,  but  bring  destruction 
to  many  trees  by  the  end  of  the  second  year. 

In  all  cases  where  the  disease  is  seen  the  aflFected  part  should  be  cut 
out  and  burned,  cutting  well  below  the  disease.     Cutting  out  without 
burning  is  of  no  use.     A  good  cleansing  spray  during  the  winter,  either 
of  lime-sulphur  or  Bordeaux  mixture  or  simply  bluestona?fizevfe^ilKay6-*^^ 
of  value. 
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/  Correspondence  concerning  this  disease  and  specimens  of  it  are  de- 
sired. 

ALFALFA, 

Ascochytose. — This  leaf  spot  we  found  in  considerable  abundance 
upon  alfalfa  on  the  Station  farm,  but  it  did  not  approach  in  injun* 
the  ordinary  ravages  of  the  usual  leaf  spot,  Pseudopezizose.  The  fungib 
appears  to  be  Ascochyta  Medicaginis  Bres.,  heretofore  recorded  only  uii 
M.  Iupuli7m  and  from  Saxony. 

Pseudopezizose. — This  most  common  and  serious  of  all  alfalfa  di- 
eases  has  been  collected  in  Orange,  Durham  and  Wake  counties. 

Sclerotiniose  (Wilt.) — Alfalfa  suffering  from  typical  sclerotiniose  was 
received  from  Mecklenburg  County.  The  plants  were  wilted  and 
covered  with  a  white  mycelium  which  under  culture  produced  tlu' 
sclerotia  of  the  disease. 

Buckeye  Powdery  Mildew  {Uncinvla  flexuosa  Peck.) — This  mil- 
dew was  collected  at  Robbinsville  in  August.  It  appears  to  be  ratkr 
common  throughout  the  mountains,  but  owing  to  its  very  scant  myce- 
lium is  not  as  injurious  as  are  most  of  the  powdery  mildews. 

CELERY. 

fioot  Knot. — Root  knot  due  to  nematodes  was  injurious  in  Pender 
County. 

Bud  Rot. — Bud  rot  in  which  the  heart  of  the  plant  became  a  soft 
slimy  mass  did  considerable  damage  in  Pender  County.  Xo  fungi  wen* 
present  though  bacteria  were  found  in  great  numbers.  The  disease  was 
probably  of  bacterial  origin. 

CARNATION. 

Altemariose. — This  leaf  disease  was  of  serious  injury  in  some  green- 
houses. Thorough  and  frequent  spraying  with  Bordeaux  mixture  i? 
usually  effective  in  checking  its  spread. 

CHERRY. 

Leaf  Spot  (Cylindrosporiose.) — This  is  very  common  and  destructive, 
causing  much  leaf  loss. 

CHRYSANTHEMUM. 

Rust. — This  rust  was  noted  in  very  abundant  and  destructive  form  on 
chrysanthemums  near  Raleigh.  As  seen  from  the  upper  surface  the 
spots  are  pale  yellow,  definitely  bordered.  Seen  from  below%  they  are 
pale  and  bear  in  their  centers  the  sori  containing  masses  of  cinnamon- 
brown  spores.  Badly  diseased  leaves  turn  brown,  die  and  curl  up.  All 
of  the  leaves  upon  a  plant  are  usually  affected  and  the  vigor  of  the 
plants  and  their  productiveness  of  blossoms  is  greatly  impaired.  The 
disease  in  this  particular  locality  was  unknown  prior  to  this  year,  and 
was  in  all  probability  imported  upon  chrysanthemums  bought  from  a 
western  state. 

COLLARD. 

Sclerotiniose. — Sclerotinia  indistinguishable  from  tEat  wEch  causes 
the  serious  lettuce  drop  was  found  in  one  garden  in  Wake  County. 
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CORN. 

The  rust  is  rather  common  but  the  loss  caused  is  inappreciable. 

COTTON. 

Wilt  (Fusariose.) — This,  one  of  the  worst  cotton  diseases,  is  continu- 
ally spreading.  Since  it  is  a  soil  disease  for  practical  purposes  to  be 
once  infected  is  to  be  always  infected.  Its  advent  in  a  field  is  to  be 
greatly  feared.  It  has  been  seen  in  Davidson,  Mecklenburg,  Union, 
Scotland,  Robeson,  Johnson,  Pitt,  Lenior  and  Duplin  counties. 

Bacterial  Spot. — This  translucent  leaf  spot  is  very  common,  but  is  not 
seriously  injurious. 

Anthracnose. — The  cotton  anthracnose  is  spreading  and  bids  fair  to 
l)ecorae  a  serious  disease  here  as  in  Georgia.  During  the  last  year  it  was 
noted  particularly  in  Halifax,  Wake,  Granville  and  Mecklenburg  coun- 
ties. 

Boll  Blight  (Shedding.) — A  serious  blighting  of  bolls  was  noted  in 
the  autumn  of  1909  in  cotton  in  the  Experiment  Station  farm. 

Bolls  at  various  stages  of  development  but  mostly  before  a  size  of  a 
half  inch  in  diameter  had  been  attained  were  completely  blighted  and 


Figure  10.— Cotton  "Boll-Shedding." 


(lead.  The  blight  extended  to  the  bracts  and  the  pedicil.  Sometimes 
the  pedicil  separated  from  the  stem  at  the  abscissa  layer  and  no  dis- 
ease was  apparent  upon  the  stems ;  but  more  usually  the  bark  and  wood 
near  the  juncture  of  the  leaf  and  stem  were  diseased  to  a  distance  of  one- 
half  to  one  inch.     The  line  of  demarkation  between  sick  and  healthy 
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tissue  was  sharp,  the  healthy  part  outgrowing  and  thus  tearing  away 
from  the  sick  and  leaving  a  crack  in  many  cases. 

Specimens  of  the  diseased  parts  which  were  placed  in  culture  dishes 
in  many  instances  developed  a  profuse  growth  of  pinkish  spore-masses 
which  upon  examination  proved  to  be  spores  of  the  cotton  anthracnose. 
It  is  probable,  however,  that  this  fungus  was  merely  a  secondary  sap- 
rophyte and  that  the  disease  was  that  to  which  Atkinson  called  attention 
under  the  name  of  "shedding,"  and  which  he  attributed  to  sudden 
flucuations  in  available  water,  to  change  from  drought  to  wetness  or 
wetness  to  drought. 

COWPEA. 

Mildew  (Erysiphe  polygoni.) — The  mildew  of  the  cowpea  was  unusu- 
ally abundant  last  fall.  Many  fields  showed  hardly  a  single  leaf  free 
from  its  dusty  white  coating.  The  growth  of  the  plant  is  appreciably 
retarded  by  this  fungus  and  in  some  seasons  considerable  loss  is 
caused  by  it. 

Wilt  (Fusariose.) — The  cowpea  wilt  was  noted  this  year  in  Wake  and 
Wayne  counties.  It  has  previously  been  seen  in  Cabarrus,  Mecklen- 
burg, Cumberland,  Johnston,  Camden  and  Pasquotank  counties. 

CRIMSON    CLOVER. 

Sclerotiniose. — Typical  specimens  of  this  disease  were  received  from 
Alamance  County.  It  was  reported  that  dead  patches  appeared  through- 
out the  field  and  that  the  disease  spread  rapidly.  Specimens  were  re- 
ceived and  cultured  in  the  laboratory  where  inoculated  plants  rapidly 
succumbed  to  the  disease. 

DAHLIA. 

Oidiose. — A  powdery  mildew  was  found  quite  common  upon  dah- 
lias in  Wake  County,  affecting  particularly  the  lower  leaves  late  in  the 
season.  Xo  winter  spores  were  present  and  a  complete  identification 
of  the  disease,  therefore,  was  impossible. 

EGG-PLANTS. 

Wilt. — At  the  test  farm  of  Hugh  McRae,  near  Wrights\Mlle,  a  wilt 
disease  of  egg-plants  was  noted  in  very  destructive  form  in  July,  190S. 
The*  plants  exhibited  the  characteristic  symptoms  of  all  wilt  disease,  a 
wilting  and  drooping  of  the  leaves  and  the  eventual  death  of  the  plant. 
Examination  of  the  stem  in  cross-section  showed  the  usual  blackening 
in  longitudinal  strands  and  the  root  showed  the  rot  characteristic  of 
wilt-diseased  plants.  W^hile  microscopic  or  cultural  tests  were  not  made 
it  is  nearly  certain  that  the  disease  was  the  wilt  so  common  on  solana- 
ccous  plants,  caused  by  Bacillus  solona^earum. 

The  gardener  in  charge  related  that  plants  grown  this  year  in  por- 
tions of  the  farm  where  no  egg-plants  had  been  raised  before  did  not 
suffer  nearly  to  such  an  extent  as  did  plants  raised  where  e^-plant? 
were  grown  last  year  and  where  a  slight  amount  of  disease  was  noted 
last  year.     The  disease   thus  in  this  instance  behaves  in  the  manner 
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typical  of  wilts  in  that  it  attacks  the  susceptible  crop  on  its  first  planting 
to  slight  extent  and  increases  to  very  destructive  proportion  the  second 
year. 

Count  was  made  of  several  rows  in  portions  of  the  farm  not  before 
planted  to  egg-plants  with  a  finding  of  24.5  per  cent  affected.  Fields 
bearing  egg-plants  last  year  showed  84.3  per  cent  of  disease  this  year. 
In  nearly  every  case  plants  counted  as  diseased  were  entirely  dead,  in 
every  case  they  were  entirely  unproductive  and  the  per  cent  affected  is 
really  the  per  cent  of  loss. 

FIQ. 

Rust  (Uredo  Ficu  Cast.) — This  fungus  while  old  and  reported  in 
Xorth  Carolina  a  long  time  ago  by  Ravencl,  is  not  frequently  brought  to 
the  attention  of  the  Experiment  Station.  Specimens  were  received,  how- 
over,  this  year  from  A.  B.  McCallum,  Red  Springs,  from  plants  which 
\\'ere  suffering  seriously  from  the  rust. 

Recommendation  was  made  that  the  leaves  of  the  affected  bushes  be 
raked  up  and  destroyed  in  the  fall,  the  ground  turned  over  in  the  spring 
and  the  bushes  well  sprayed  with  Bordeaux  mixture — before  the  open- 
ing of  the  buds  in  the  spring. 

GINSENG. 

Alternaria  and  Microsporium  did  some  damage  to  this  crop  in  Swain 
County. 

GRAPE,   SCUPPERNONO; 

Black  Rot. — ^While  not  destructive  on  this  grape  and  almost  never 
seen  on  the  fruit,  this  rot  commonly  occurs,  forming  scattered  brown  to 
black  spots  upon  the  leaves.  It  has  never  been  noted,  however,  in  such 
abundance  as  to  cause  alarm. 

Black  Rot  was  collected  in  Anson,  Columbus,  Pender,  and  Wake 
counties. 

The  black  rot,  the  universal  and  worst  grape  disease  of  the  State, 
was  collected  on  bunch  grapes  in  Alexander,  Burke,  Mecklenburg,  Moore, 
Wake,  Durham,  Wayne,  Edgecombe  and  Chowan  counties. 

GRASS. 

Peculiar  cases  of  grass  injury  by  overgrowth  by  a  slime  mold  were 
noted  in  Haywood,  Wake  and  Granville  counties.  Similar  outbreaks 
have  been  mentioned  in  other  States  and  by  Mc Alpine  in  Australia. 

JAPAN  CLOVER. 

Mildew. — This  valuable  forage  plant  is  often  badly  mildewed,  espe- 
cially in  shaded  localities. 

LILAC. 

Hypochnose. — This  disease  which  primarily  affects  the  apple  was 
found  in  abundance  upon  the  lilac  in  our  mountain  valleys. 

MAPLE. 

Tar  Spot  (Rhytizmose.) — This  was  brought  into  the  laboratory  on 
March  18,  1910,  after  it  had  wintered  out  doors.    In  working  over^l^ 
5 
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material  it  was  noticed  that  the  spores  were  discharged  forcibly  from 
the  asci.  Upon  a  spotted  leaf  being  exposed  to  draughts  or  currents  of 
air  or  upon  blowing  upon  such  leaves  clouds  of  spores  were  discharged 
and  remained  visible  for  a  distance  of  6  to  8  inches  from  the  leaf. 

PEACH. 

Cladsporium  (Scab.) — This  is  present  widely  and  does  much  injury. 

Sphseropsose  (Canker.) — This  form  of  canker  upon  the  branches  is 
frequently  met.  During  the  year  specimens  have  been  received  from 
Rowan,  Cumberland  and  Mecklenburg  counties. 

PLUM. 

Rust. — Puccinia  pruni  was  collected  in  Wake  County. 
Black  Knot. — This  is  particularly  bad  in  the  western  part  of  the 
State. 

PEANUT. 

Cercosporose. — This  leaf  spot  is  circular  in  outline,  indefinitely 
bordered,  blackish-brown  in  the  center  and  grading  to  green  on  its  outer 
edge.     The  lower  leaves  are  first  affected  and  suffer  most  from  the  dis- 


FiGURE  11.— Peanut  Leaf-spot. 


ease,  later  the  disease  spreads  to  upper  leaves.  The  leaves  begin  to  fall 
away  soon  after  they  spot  and  in  many  cases  the  death  of  the  plants 
results.  This  disease  has  been  sent  to  the  Station  for  determination 
only  a  few  times,  but  has  frequently  been  sefl*'*if^  Various  localities.    A 
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letter  accompanied  by  specimens  from  Mr.  Dunn,  of  Scotland  Neck, 
states  that  "nearly  all  the  peanuts  throughout  this  section  are  aflFected 
in  this  way."  It  is  often  a  serious  pest  especially  in  the  eastern  section 
of  the  State. 

The  disease  is  caused  by  Cercospora  personata  (B  &  C)  Ell.  The 
spores  are  produced  in  great  abundance  upon  the  diseased  leaves  and, 
carried  by  wind,  spread  the  disease  to  other  plants. 

The  fungus  causing  this  disease  was  first  collected  in  Carolina  and 
Alabama  by  Ravenal. 

POTATO,  IRISH. 

Black-leg. — From  two  sources,  Cabarrus  County,  August  23,  1909, 
and  Robeson  County,  May  3,  1910,  came  evidence  of  the  occurrence  in 
this  State  of  what  is  in   all  probability  the  disease  which  has  been 


FiouBE  12.— Pot4to  Black  Leg. 

attracting  attention  during  very  recent  years  in  other  States  and  abroad 
and  which  in  this  country  is  called  black-leg  and  in  Germany  the 
equivalent  term,  Schwartzbeinigkeit. 

The  disease  in  Cabarrus  County  was  not  examined  in  the  field  Jmtp 
was  sent  in  with  complaints  of  damage  done.     In  all  of  its  charact^s 
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as  observed  in  the  laboratory  it  agreed  with  the  Robeson  County  speci- 
mens described  below. 

The  aflFected  fields  in  Robeson  County  near  Lumber  Bridge,  were 
visited  by  F.  L.  Stevens  in  May,  and  a  disease  fully  agreeing  with  the 
description  by  Jones*  was  found. 

The  affected  plants  when  well  advanced  in  disease  could  be  readily 
recognized  at  a  distance  by  their  lack  of  green  color,  the  color  varying 
anywhere  from  the  slightest  paling,  a  justly  barely  perceptible  lack  of 
full  green,  to  a  very  marked  and  distinct  yellowing.  The  different  de- 
grees of  discoloration  indicate  different  stages  in  the  advancement  of 
the  disease  and  those  plants  that  are  but  slightly  discolored  rapidly 
advance  to  a  stage  of  yellowing,  then  die. 

As  the  disease  advances  the  leaves  as  they  wither  roll  inward,  that 
is,  toward  their  dorsal  surfaces,  but  any  marked  narrowing  of  the  plant 
aspect,  due  to  abnormally  erect  position  of  the  leaves,  such  as  is  men- 
tioned by  Jones  was  not  conspicuous  if  present  at  all.  A  few  of  the 
lower  leaves  may  die  before  the  top  becomes  entirely  yellowed. 

If  the  diseased  stalk  be  pulled  it  is  found  that  nearly  or  quite  all 
of  the  underground  portion  of  the  stem  and  occasionally  a  half  inch 
or  so  above  ground  is  much  blackened.  In  older  cases  it  is  coal  black, 
shriveled  and  hard.  In  younger  cases  the  color  is  nearer  to  brown  and 
the  stem  is  somewhat  translucent.  So  far  as  our  observation  goes  the 
disease  always  passes  from  below  upward.  No  cases  were  seen  where 
the  upper  part  of  the  stem  was  diseased  and  the  region  near  the  stem's 
lower  end  was  healthy. 

Section  of  the  stems  of  yellowed  plants  show  the  pith  decayed  and  the 
stem  to  be  hollow  throughout  considerable  of  its  length,  throughout  all 
of  the  portion  which  was  blackened  externally  and  often  several  inches 
above  the  uppermost  point  of  external  blackening. 

The  main  point  of  attack,  however,  is  the  woody  cylinder  surrounding 
the  pith.  This  region  is  first  affexjted  and  condition  of  disease  in  it 
denoted  by  a  yellowing  or  even  a  blackening  or  internal  pith  decay. 
Either  cross  or  longitudinal  sections  reveal  these  darkened  woody 
strands  extending  far  up  into  the  tops  and  leading  out  into  the  leaves. 
By  the  time  the  tops  are  entirely  yellowed  this  discoloration  of  the  woody 
part  of  the  bundles  is  evident  almost  or  entirely  throughout  the  plant. 
In  the  youngest  condition  noticeable  at  all  in  the  field  by  very  slight 
foliar  discoloration  these  darkened  woody  strands  are  clearly  apparent 
for  considerable  distance  above  the  ground  line.  In  its  general  ana- 
tomical effect  this  disease  bears  a  striking  resemblence  to  the  Gran- 
ville tobacco  wilt.^ 

Young  potatoes  unaffected  by  diseases  were  frequently  found  still 
hanging  upon  the  diseased  portion^  of  the  stems  though  their  further 
growth  was  of  course  precluded  by  the  death  of  the  supporting  stem. 
In  nearly,  if  not  quite  all  cases  of  this  disease,  the  seed  potato  is  soft 
and  rotten  while  the  "seed"  from  which  healthy  plants  have  come  is 
normally  sound. 

Microscopic  examination  shows  the  early  signs  of  disease  to  be  limited 
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strictly  to  the  veins  and  in  them  to  the  ducts,  one,  many  or  nearly  all 
of  which,  according  to  the  age  of  the  cases  may  be  browned. 

The  diseased  ducts  bore  innumerable  hosts  of  bacteria.  Examination 
of  sections  or  of  teased  material  showed  these  issuing  in  myriads  into 
the  surounding  water.     No  fungi  were  observed. 

The  amount  and  destructiveness  of  the  disease  in  this  state  is  not 
yet  known.  Mr.  Cobb,  of  Lumber  Bridge,  states  that  he  saw  the  dis- 
ease last  year  and  estimates  that  it  then  decreased  the  stand  in  his  fields 
perhaps  10  or  even  15  per  cent.  At  present  the  damage  is  less  but  since 
the  vines  will  continue  to  die  for  some  weeks  yet,  the  damage  can  not 
now  be  satisfactorily  determined. 

While  black-leg  has  not  been  very  damaging  in  the  North  it  is  known 
to  be  more  injurious  when  in  the  South  and  it  may,  during  seasons 
suited  to  its  development,  prevail  as  a  widespread  and  destructive  dis- 
ease. 

The  first  definitely  recorded  recognition  of  Potato  Black-leg  in  Amer- 
ica was  that  of  Jones  in  Vermont  in  1906.^  It  is  possible,  however,  that 
a  disease  reported  by  Clinton  in  Connecticut*  in  1903  as  the  Southern 
potato  blight  was  in  reality  black-leg.'  The  disease,  however,  was  care- 
fully described  in  (Jernlany  as  early  as  1903  and  was  known  in  England 
poon  after  that  time.  In  America  it  has  already  been  reported  in  South 
Tarolina,  Virginia,  Maryland,  New  York,  Colorado,  Ohio,  Rhode 
Wand,  Vermont  and  Maine,  and  possibly  in  Connecticut  and  Oregon. 
Two  diseases  which  quite  closely  resemble  black-leg,  have  been  described, 
one  by  Harrison  attributed  to  Bacillus  solanuapnts,  as  prevalent  in  Can- 
ada, the  other  by  E.  F.  Smith  and  others,  attributed  to  Bacillus  solona- 
ct>arum,  and  known  to  occur  extensively,  especially  over  the  southern 
States.  In  many  of  their  symptoms  all  three  of  these  diseases  agree  and 
until  a  comparative  study  of  them  side  by  side  has  been  made  the  last 
word  regarding  their  relations  to  each  other  can  not  be  said. 

The  disease  at  present  under  discussion  differs  from  the  southern  to- 
mato blight  (caused  by  Bacillus  solonaceanim)  chiefly  in  the  inky  black 
lower  stem,  a  character  which  is  not  mentioned  as  pertaining  to  the 
southern  blight,  while  it  differs  from  typical  black-leg  in  the  bundle  dis- 
coloration.* 

Prof.  Morse,  of  Maine,  who  has  had  large  experience  with  black-leg, 
and  to  whom  we  submitted  specimens  of  this  disease,  writes  as  follows"^ : 

"As  far  as  I  can  judge  from  preserved  material  the  lower  parts  of  the 
litems  sent  correspond  exactly  with  the  appearance  of  the  black-leg  as  it 
occurs  in  Maine,  although  I  have  never  seen  anything  just  like  this 
where  the  blackening  extends  up  into  the  top  and  leaf  stalks,  cropping 
out  apparently  at  the  nodes.  However,  under  rather  wet  conditions  I 
have  seen  the  blackening  extend  up  the  stem  some  distance,  even  to  the 
lower  branches.  I  am  inclined  to  believe,  however,  that  this  is  exactly 
the  same  trouble  which  we  have,  but  a  little  more  extensive  development 
of  it  resulting  from  different  climatic  conditions." 

<L.  R.  Jones,  Burlington,  Vt.,  I.  c. 

•f'onn.  8to..  Rpt.  1903.  ^<~^  I 

I^ter  of  Hay  11.  1910. 
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Whatever  the  disease  in  hand  may  be  it  certainly  bears  close  relation 
to  black-leg  and  shows  every  indication  of  being  seed-borne. 

It  will  be  well,  therefore,  for  all  potato  growers  to  adopt  the  pre- 
ventive measures  suggested  by  Morse,*  which  are  as  follows: 

First.  Select  seed,  if  possible,  from  fields  upon  which  the  disease  has 
not  appeared.  Second,  discard  for  seed  purposes  all  tubers  which  have 
wounds,  cracks  or  decayed  areas.  Third,  disinfect  all  seed  tubers  with 
corrosive  sublimate  or  formaldehyde  before  cutting.  Spreading  the  seed 
tubers  out  in  thin  layers  in  a  clean,  dry  place  exposed  to  the  direct  rays 
of  the  sun  for  several  days  would  be  an  excellent  supplementary  practice 
and  tend  to  hasten  germination  as  well.  The  disinfection  of  seed  tuber> 
and  the  rejection  of  all  such  as  show  blemishes  or  diseased  areas  will  nor 
only  prevent  the  spread  of  black-leg,  but  also  the  propagation  and  spread 
of  scab  and  most  other  tuber  diseases  which  attack  the  potato  in  Maine. 

Among  the  most  important  publications  upon  this  disease  in  America 
are  Buls.  149, 164  and  174  of  the  Maine  Station;  and  Keport  19,  (1906). 
of  the  Vermont  Station. 

PRIVET. 

Root  Rot. — Privet  plants  of  a  hedge  at  West  Raleigh  were  noted  to  W 
suffering  from  a  disease  which  manifested  itself  by  gradual  paleing  of 
the  leaves,  diminution  of  growth,  and  eventually  by  the  wilting  and 
dropping  of  the  leaves,  and  finally  by  death.  Plants  showing  these 
symptoms,  which  are  dug  up  at  the  stage  of  the  wilting  of  the  leavcf. 
showed  the  existence  of  rot  in  the  cortex  of  the  roots.  Nearly  all  of 
the  roots  were  affected  and  the  cortex  of  the  roots  was  softened,  cracknl 
in  places  and  was  permeated  throughout  with  an  abundant  growth  of 
mycelium.  Since  no  functification  was  found  identification  of  thi< 
fungus  was  impossible. 

QUINCE. 

Blight  (Bacillose.) — The  blight  w^as  observed  in  Buncombe  County. 
Rust. — Collections  were  made  in  Moore  County. 

ROSE. 

Powdery  Mildew — It  is  the  worst  out-door  enemy  of  the  rose.  Nu- 
merous letters  are  received  yearly  concerning  it.  Specimens  were  col- 
lected this  year  in  Warren,  Granville,  Randolph,  Mecklenburg,  Iredell, 
Robeson,  Burke  and  Alexander  Counties. 

OATS. 

Powdery  Mildew  (Erysiphose.) — In  early  spring,  March,  1910,  con- 
siderable injury  of  oats  by  this  mildew  was  noted.  The  leaves  were 
freely  spotted  in  a  way  nowise  resembling  the  usual  mildew  spots,  each 
spot  bearing  much  closer  resemblance  to  a  rust  sorus  than  to  a  mildew 
spot.  The  spots  were  linear  about  1  mm.  wide  and  2-3  mm.  long,  defi- 
nitely bordered  and  showed  to  the  naked  eye  no  superficial  white  my- 

>Me.  8ta.  Bui.  174,  p.  323.  °'9'^'^®^  ^^  VnUU^lt: 
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celium,  though  they  bore  somewhat  scanty  growth  of  conidia.  The 
surrounding  area  was  yellowed  and  the  lower  older  leaves  were  in  many 
cases  killed  by  the  fungus.  Later  the  perithecia  and  immature  asci 
were  found  upon  this  host. 

SOSOHUM. 

Sphacelotheca  Sorghi,  the  cause  of  the  smut  so  serious  in  some  States, 
was  collected  in  only  one  instance  upon  this  plant. 


Figure  13. — Sorghum  Panicles,  Sphacelotheca. 


Colletotrichose  {Colletotrichum  falcatum  Went.) — This  disease  was 
first  found  in  America  upon  sorghum  in  North  Carolina  where  it  did 
considerable  damage.     It  is  worse  upon  the  lower  leaves,  producing 
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characteristic  spots.  The  spots  have  a  very  definite  gray  or  tan  col- 
ored center  which  is  surrounded  by  a  dark  reddish-brown  ring,  outside 
of  which  is  the  ordinary  green  of  the  healthy  leaf.  As  the  spots  age 
they  frequently  grow  together  and  form  one  large  oblong  spot  some- 
times several  centimeters  long.  At  this  later  period  in  the  development 
of  the  disease  the  centers  of  the  spots  are  occupied  by  small  black  specks, 
the  acervali  of  the  causal  fungus. 

TOBACCO. 

Thielaviose  (Thielavia  hasicola  Zopf.) — Specimens  were  received 
from  Durham  County  with  the  complaint  that  the  plants  did  not  mate 
normal  growth  after  setting  and  that  the  roots  were  black.  Upon  es- 
aijiination  the  trouble  was  found  to  be  caused  by  a  fungus  called 
Thielavia  hasicola,  which  attacks  the  roots.  As  this  seems  to  be  a 
trouble  arising  chiefly  in  the  seed  bed  it  probably  can  be  avoided  by 
burning  new  ground  each  year  for  the  bed.  Great  care  should  be 
taken  to  discard  all  plants  that  show  signs  of  the  disease  at  time  of 
setting. 

Wilt. — This  Granville  tobacco  wilt  continues  to  levy  upon  new  ground 
in  Granville  County,  where  it  constitutes  one  of  the  most  serious  of 
crop  problems.  Specimens  from  Vance  County  have  also  been  re- 
ceived. Three  counties  of  the  State  are  now  known  to  be  infected, 
Vance,  Durham  and  Granville. 

TOMATO. 

Wilt  (Bacillose.) — This  wilt  is  very  widespread  and,  like  other  ?<^il 
diseases,  retains  hold  of  soil  once  infected.  New  counties  in  which  it 
has  been  collected  are :  Durham,  Sampson,  Coliimbus,  Duplin,  Carteret 
and  Alexander. 

VIBURNUM. 

The  Hypochnose  of  the  apple  was  found  in  several  instances  upon 
this  host. 

WHEAT. 

Mildew. — Powdery  mildew  was  found  upon  the  leaves  of  wheat  in 
Wake  County,  where  it  killed  the  leaves  earlier  than  they  would  have 
died  naturally.  The  perfect  stage  of  this  fungus  was  found  upon  the 
leaves  of  wheat  taken  from  the  field  at  harvest  time. 

Bunt. — This  appeared  upon  wheat  sown  at  the  Poultry  Division  of 
the  Station  and  in  very  bad  form.  Actual  count  of  several  thousand 
heads  taken  from  the  field  showed  an  average  of  10  per  cent  of  disea^nl 
licadfl.  The  damage  from  this  disease  follows  largely  from  depreciation 
in  milling  quality  of  the  bunted  wheat. 
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Some  Breeding  Experiments  in  Progress 

Biolosrical  Division 

By  F.  L.  Stevens  and  J.  G.  Hall. 

MELONS. 

I.  The  object  of  this  work  is  to  secure  a  variety  of  watermelon 
resistant  to  the  widespread  and  constantly  increasing  watermelon  wilt 
and  at  the  same  time  of  edible  and  commercial  quality. 

II.  Several  years  ago  watermelons  were  crossed  on  citrons,  hun- 
dreds of  crosses  being  made. 

III.  In  this  way  several  varieties  of  high  resistance  to  the  disease 
were  secured.  By  seed  selection  during  each  of  the  succeeding  years, 
the  edibility  has  been  increased  and  the  resistance  retained  so  that 
last  year  we  raised  melons  in  condition  of  nearly  perfect  health  on  land 
on  which  all  ordinary  melons  would  have  died.  Our  crop  gave  a  very 
large  per  cent  of  melons  of  high  quality,  thoroughly  edible  and  ex- 
cellent 

TOBACCO. 

I.  The  object  to  secure  a  commercial  tobacco  which  will  grow  on 
soil  infected  with  the  Granville  Tobacco  Wilt. 

II.  After  many  tests  a  variety  of  Sumatra  was  secured  which  showed 
considerable  resistance.  By  continued  selection  and  crossing  the  at- 
tempt is  being  made  to  secure  a  commercial  resistant  strain  from 
this. 

III.  The  results  are  yet  uncertain. 

Agronomic  Division 

Bt  W.  C.  Etheridge. 

WHEAT. 

The  purpose  of  the  work  with  wheat  is  primarily  to  show  the  effect 
of  seed  selection,  such  as  may  be  practiced  by  the  farmer,  on  yield.  It 
is  also  planned  to  determine  by  comparative  field  tests  whether  the 
initial  selection  and  subsequent  multiplication  of  the  one  best  plant  is 
as  effective  in  producing  improvement  as  continuous  yearly  selection. 
The  work  was  begun  in  1908  with  field  selections  from  a  number  of 
varieties  grown  on  the  Station  farm  and  continued  through  1909,  multi- 
plying seed  of  the  initial  selection  plots  and  re-selecting  from  the  con- 
tinous  method  plots. 

Although  the  work  is  as  yet  only  in  its  beginning,  results  thus  far 
noted  are  encouraging,  as  considerable  improvement  is  apparent  under 
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both  methods  of  selection.  Hitherto,  the  plot  areas  used  have  neces- 
sarily been  limited,  but  these  will  be  enlarged  in  1911,  and  the  work 
continued  on  a  more  extensive  basis  through  a  sufficient  number  of 
years  to  substantially  compare  the  two  methods  of  selection,  and  the 
yields  from  either  method  with  those  from  unselected  seed. 

COTTON. 

Work  begun  with  cotton  in  the  fall  of  1908  includes  individual  plant 
selections  made  in  the  general  crop  and  the  variety  plots  for  length  of 
staple,  earliness,  prolificacy,  size  and  uniformity  of  bolls,  double  and 
triple-boiled  plants,  disease  and  drought  resistance;  also  for  combina- 
tions of  some  of  these  characteristics.  The  selections  were  made  with 
the  idea  of  obtaining  improved  strains  of  the  parent  varieties  and  to 
secure  excellent  pure-bred  stocks  for  cross-breeding,  by  which  method 
a  trial  will  be  made  to  produce  new  and  desirable  varieties.  A  com- 
parison will  also  be  made  with  cotton,  as  with  wheat,  of  the  methods 
of  initial  and  continuous  selection.  Improvement  of  the  general  crop 
was  also  begun  by  selecting  enough  seed  from  plants  of  a  generally 
superior  type  to  plant  a  small  area  in  1909.  Continuous  selection  will 
be  the  plan  of  this  improvement,  taking  seed  from  the  few  best  plants 
in  the  breeding  plot  with  which  to  continue  it  the  following  year,  using 
the  remainder  of  the  seed  for  planting  the  main  crop. 

Some  very  fine  plants  were  produced  in  1909  from  the  selected  seed, 
and  additional  selections  were  made  for  the  same  qualities  mentioned 
above.  Especially  promising  were  some  of  the  plants  resulting  from 
the  selections  for  prolificacy,  earliness,  disease  and  drouth  resistance. 
It  is  planned  to  begin  cross-breeding  during  the  season  of  1910  with 
those  plants  exhibiting  the  most  desirable  qualities,  trying  to  secure 
combinations  that  will  preserve  in  the  progeny  the  best  features  of  the 
parent  varieties.  When  the  crosses  have  been  effected,  and  the  desir- 
able strains  isolated,  they  will  be  tried  out  in  a  comparative  test  along 
with  established  varieties,  and  the  strains  resulting  from  straight  se- 
lection. 

Animal  Husbandry  Division 

By  R.  S.  Curtis. 

SWINE. 
OBJECT    OF   WORK.' 

To  demonstrate  to  farmers  and  breeders  of  live  stock,  in  this  particu- 
lar case  with  hogs,  the  practicability  of  using  pure  bred  males  on  com- 
mon "scrub  stock"  for  the  purpose  of  improving  the  type  and  increas- 
ing the  general  usefulness  of  the  hog  in  the  breeders'  and  feeders- 
domain. 

METHOD  OF  CONDUCTING  EXPERIMENT. 

The  experiment  is  being  conducted  on  four  scrub  females,  these  hav- 
ing formed  the  foundation  for  the  first-cross  ^illi'^a^  pure  bred  Berk- 
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shire  male.  One  selected  female  pig  from  each  of  the  four  litters  was  re- 
solved for  the  second  cross  and  the  remainder  used  for  other  purposes. 
The  four  pigs  selected  for  the  second  cross  have  each  been  bred  to  a 
Berkshire  male.  This  method  of  procedure  will  be  continued  until  five 
crosses  have  been  made,  when  it  is  hoped  that  the  improvement  will 
be  sufficient  to  warrant  the  publication  of  a  bulletin  on  the  subject. 

Photographs  of  each  of  the  foundation  animals  and  of  the  grade 
animals  are  being  kept  for  future  reference.  From  these  the  gradation 
from  the  inferior  stock  toward  the  ideal  animal  can  be  studied  with 
considerable  satisfaction.  Two  crosses  have  already  been  made  and 
the  selections  for  the  third  generation  are  showing  every  evidence  of 
decided  improvement  over  the  foundation  animals  and  the  half-bred 
Berkshire  stock. 

RESULTS  SECURED  AND  THEIR  INDICATED  PRACTICAL   BEARING. 

The  results  secured  to  date  have  been  highly  satisfactory,  both  in  the 
improvement  of  type  and  the  increase  in  weight  at  stated  ages  as  com- 
pared with  that  of  former  crosses.  In  one  case,  the  second  cross  hag 
failed  to  remove  all  of  the  r^d  color  of  the  original  stock.  Otherwise, 
the  characteristics  of  the  Berkshire  have  been  stamped  on  the  progeny 
of  the  second  generation.  The  body  of  the  animals  on  the  whole  has 
been  improved,  by  giving  more  length,  depth  and  width.  The  charac- 
teristic long  nose  has  been  removed  to  a  large  extent,  the  head  broadened, 
and  the  narrow,  flat  rib  much  broadened  and  deepened. 

Taking  the  work  as  a  whole  some  very  striking  improvements  have 
l)een  made.  Some  of  the  barrows  which  were  turned  over  to  the  butcher 
were  found  to  be  very  desirable  market  types  in  every  respect. 

Poultry  Division 

By  J.  S.  Jeffrey. 

Two  lines  of  breeding  work  are  being  conducted  with  poultry  at  the 
present  time. 

First :    Breeding  for  increased  egg  production. 

Second:    A  study  of  the  effect  of  in-breeding. 

The  object  of  the  first  is  to  determine  if  the  average  egg  production 
of  the  flock  Can  be  increased  by  breeding,  or  if  the  ability  to  produce  a 
large  number  of  eggs  is  inheritable  or  can  be  transmitted  from  parent 
to  offspring. 

In  this  work  we  keep  records  of  the  number  of  eggs  laid  by  each  hen 
during  the  year.  From  all  hens  that  make  an  average  egg  yield  by  the 
breeding  season  eggs  are  incubated,  a  record  kept  of  the  fertility,  num- 
ber of  chicks  hatched  and  number  alive  at  four  weeks  old. 

All  chicks  are  banded  when  hatched  and  a  record  made  of  their  num- 
bers so  that  their  parentage  and  date  of  hatching  can  both  be  deter- 
mined. 

At  the  present  time  we  have  no  conclusive  evidence  that  the  quality 
of  heavy  egg  production  is  inheritable.     It  has  been  "Mfificl^  Wat  iH>kT- 
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most  every  case  the  daughters  of  hens  making  the  best  records  have 
been  poor  layers.  One  family  has  been  established  which  is  giving  bet- 
ter results   than  the  average,  but  no  remarkably  heavy  layers. 

At  the  present  time  our  experience  would  indicate  that  for  the  farmer 
and  practical  poultryman  it  is  more  important  and  profitable  to  make 
rigid  selection  for  constitutional  vigor  and  strength  in  the  breeding 
stock  than  to  select  from  the  heaviest  layers. 

The  second  line  of  breeding  work,  that  of  studying  the  eflfect  of  in- 
breeding is  being  studied  to  determine  if  the  popular  objection  to  this 
plan  of  breeding  is  well  founded  or  is  mere  prejudice.  Many  poultrr- 
men  and  farmers  on  account  of  their  objection  to  in-breeding,  not  onlv 
refuse  to  keep  pure  bred  stock,  but  use  males  of  a  different  breed  each 
year  to  make  sure  that  there  is  no  chance  of  in-breeding.  They  thus 
lose  all  chance  of  having  any  uniformity,  either  of  type  or  color,  in  their 
flock  and  also  in  the  eggs  produced. 

In  conducting  this  work  two  distinct  strains  of  Barred  Plymouth 
Eocks  are  being  used.  These  will  each  be  kept  pure  and  crosses  will 
be  made  of  the  two  strains  from  time  to  time  as  a  check  mating. 
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North  Carolina  Agricultural  Experiment  Station 

West  Raleigh 

C.  B.  Williams,  Director. 
Press  Bulletin  No.  21— September  15, 1909 

:    TREATMENT    OF    OATS,    WHEAT,   RYE   AND    BARLEY   FOR   SMUT. 

Very  few  fanners  realize  the  full  extent  of  the  injury  suflFered  by 
these  cereal  crops  through  the  inroads  of  smut.  The  smutted  plants 
are  dwarfed,  therefore  escape  observation  so  completely  that  even  very 
observing  farmers  often  allow  as  much  as  25  per  cent  of  smut  to  pass 
unnoticed.  Smut  is  rarely  less  than  10  per  cent  in  oats,  and  is  frequently 
16  to  25  per  cent.  This  is  a  complete  loss  to  the  farmer,  as  it  costs  as 
much  in  seed,  land  and  tillage  to  raise  the  smutted  plant  as  to  raise  the 
full  head.  All  of  this  loss  can  be  turned  into  a  clear  profit  at  a  cost  of 
about  one  cent  per  acre  for  material  and  a  very  slight  outlay  of  labor. 
The  United  States  is  suffering  annually  a  preventable  loss  of  about 
$18,000,000  from  the  smut  of  oats  alone.  Our  own  State  is  yearly  los- 
ing between  10  and  20  per  cent  of  her  annual  oat  crop,  which  was 
valued  at  $1,797,000  in  1907. 

RATIONALE  OF  TREATMENT. 

The  smut  of  grain  is  caused  by  a  fungus,  the  spore  (the  reproductive 
body  of  fungi,  corresponding  to  the  seed  in  higher  plants)  of  which  is 
carried  in  the  sieed  to  young  grain  plu^t.  Smutted  plants  in  the  field, 
and  in  threshing,  shed  their  spores  in  the  air.  These  spores  are  then 
carried  about  by  the  wind,  many  of  them  finding  lodgment  in  the  seed 
of  neighboring  plants.  They  are  thus  planted  with  the  grain,  and  the 
same  moisture,  warmth,  etc.,  which  start  the  plant  into  renewed  life 
quicken  the  smut.  It  thus  happens  that  many  young  plants  are,  in 
earliest  infancy,  attacked  by  the  smut  enemy,  which,  having  gained 
entrance,  lurks  within  the  plant  until  blooming  time,  when  it  again 
breaks  forth  in  its  well-recognized  form.  Only  very  young  plants  are 
susceptible  to  attack  of  the  smut ;  therefore,  if  we  can  so  treat  the  seed 
of  the  plants  as  to  destroy  the  adhering  spores  of  the  fungus  without 
injuring  the  grain,  we  can  enable  the  young  plant  to  pass  the  critical 
stage  of  its  existence  in  safety.  It  is  thereafter  safe.  Such  treatment 
is  possible.  Smut  can,  therefore,  be  practically  eliminated  from  the 
field.  Several  kinds  of  treatment  are  effective,  but  of  all  those  known, 
that  by  formalin  is  by  far  the  best  and  cheapest,  although  the  familiar 
bluestone  treatment  is  quite  efficient  in  wheat.  Digitized  by  VjUU^  it: 
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Formalin  can  be  purchased  from  a  druggist  at  a  cost  of  from  75  to  90 
cents  per  pound.  One  pound  mixed  thoroughly  with  forty-five  to  fifty 
gallons  of  water  is  sufficient  to  treat  forty-five  to  fifty  bushels  of  grain. 

To  treat  the  grain,  spread  it  in  a  thin  layer  ^n  a  smooth  bam  floor 
and  sprinkle  with  the  diluted  formalin,  using  either  a  spraying  machine 
or  a  watering-pot.  Sprinkle  so  as  to  thoroughly  and  evenly  wet  the 
grain  with  the  mixture.  Then  shovel  the  grain  over  thoroughly  a  few 
times  to  insure  even  distribution  and  cover  the  pile  with  canvas,  carpets, 
blankets,  or  bagging,  to  keep  the  fumes  of  the  formalin  within.  The 
pile  should  stand  from  six  to  twelve  hours  in  this  way.  The  oats  may 
then  be  readily  dried  by  mixing  with  air-slaked  lime,  and  the  lime  may 
be  removed  by  the  fanning-mill,  or  the  lime  may  be  omitted  if  desired. 
It  is  merely  a  drying  agent.  The  seed  is  then  ready  to  sow.  It  may  be 
stored,  but  in  so  doing  it  is  liable  to  renewed  smut  infection.  The  best 
way  is  to  treat,  dry,  then  sow  as  soon  as  is  practicable. 

In  general,  one  gallon  of  mixture  will  suffice  to  treat  one  bushel  of 
grain.  The  formalin  should  be  used  at  the  rate  of  one  ounce  to  thrw 
gallons  of  water. 

Formalin  is  an  irritating  caustic,  which  should  not  be  brought  into 
contact  with  the  skin  in  pure  form.    In  diluted  condition  it  is  harmless. 

If  you  try  this  treatment  simply  as  an  experiment,  sow  the  treated 
seed  in  a  definitely  marked  portion  of  your  field,  using  all  care  to  keep 
the  treated  seed  from  smutted  seed.  If  you  are  adopting  this  treatment 
for  your  whole  sowing,  it  will  be  instructive  if  you  will  leave  a  small 
portion,  say  one  or  two  drill  rows,  with  the  same  seed,  untreated,  thus 
enabling  you  to  determine  the  real  value  of  treatment. 

We  would  be  pleased  to  have  you  send  a  letter  to  the  Station  stating 
the  results  of  your  treatment,  its  cost,  labor  involved,  amount  of  smut 
in  treated  and  untreated  fields.  The  amount  of  smut  should  be  verv 
carefuUy  estimated  in  per  cent  from  an  actual  count  in  the  field. 

F.  L.  Stevbks, 

Biologuit. 
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INSECT  ENEMIES  OF  CANTALOUPES,   CUCUMBERS 
AND  RELATED  PLANTS. 


By  R.  I.  Smith,  Entomologist. 


Successful,  profitable  growing  of  cantaloupes,  melons,  summer 
squash  and  cucumbers  is  frequently  rendered  extremely  difficult,  or 
prevented,  by  the  presence  of  destructive  insects.  The  list  includes 
nearly  a  score  of  diflferent  species  which  may  at  times  become  trouble- 
some, although  the  chief  damage  is  caused  by  only  a  few  principal 
offenders,  such  as  cutworms,  striped  cucumber  beetles,  squash  bugs, 
melon  lice,  squash  vine  borers,  and  the  so-called  melon  worms.  The 
latter  destroy  the  half -grown  or  maturing  fruit  and  the  opening  leaf 
and  blossom  buds,  while  the  others  mentioned  prevent  or  hinder 
proper  growth  and  development  of  the  plants  from  the  time  they 
commence  growth.  Truck  growers  who  raise  cucurbit  crops  for  mar- 
ket have  been  forced  to  learn  and  practice  methods  for  preventing  or 
controlling  these  insects  in  order  to  obtain  remunerative  returns  for 
their  labor ;  farmers  and  amateur  gardeners,  attempting  to  raise  these 
crops  for  home  consumption,  are  too  often  inclined  to  give  but  slight 
attention  to  the  insect  pests,  seeming  to  consider  the  resulting  injury 
unavoidable,  as  many  look  upon  the  house-fly  and  mosquito  nuisance. 
Twenty  years  ago  such  an  attitude  toward  insect  depredations  was 
somewhat  pardonable ;  but,  considering  the  information  now  obtaina- 
ble, failure  to  wage  an  intelligent  warfare  against  insects  becomes  less 
excusable,  and  virtually  an  offense  against  others  in  a  conmiunity 
who  do  exert  their  energies  towards  reducing  the  annual  loss.  With 
this  thought  in  the  writer's  mind  the  present  Bulletin  is  prepared 
with  the  hope  that  its  readers  may  benefit  by  the  suggestions  made 
herein,  and  thereby  be  encouraged  to  not  only  raise  larger  and  better 
yields  of  cucurbits  for  market  or  home  consumption,  but  also,  by  re- 
tarding the  annual  increase  of  these  insect  foes,  make  the  undertak- 
ing easiet  in  coming  years. 

This  Bulletin  is  intended  for  the  benefit  of  those  who  grow  a  few 
cantaloupes,  cucumbers,  or  related  plants,  as  well  as  for  others  who 
cultivate  the  same  crops  on  a  commercial  scale.  The  illustrations, 
made  from  original  photographs  by  the  author,  may  assist  readers 
to  recognize  and  understand  the  habits  of  the  insects  mentioned ;  the 
descriptions  are  as  brief  and  concise  as  seems  consistent  with  the  im- 
portance of  the  subject;  the  remedial  suggestions  are  generally  ar- 
ranged in  the  order  of  their  importance,  often  indicating  that  preven- 
tion is  better  than  a  cure,  or,  in  other  words,  that  a  little  intelligent 
effort  exerted  primarily  towards  preventing  the  attack  of  injurious 
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insects  may  result  in  greater  benefit  than  an  equal  or  greater  amount 
of  time  spent  in  trying  to  destroy  insects  which  have  appeared  and 
commenced  their  destructive  work. 

Readers  will  understand  that  the  subject  is  arranged  so  as  to  discuss 
the  insects  in  the  order  of  their  expected  appearance,  with  relation 
to  the  development  of  the  plants.. 

CUTWORMS. 

Among  the  earliest  appearing  insects  in  gardens  and  fields  each 
spring  are  the  familiar  cutworms,  so  designated  on  account  of  their 
characteristic  habit  of  chewing  off  plants  near  or  just  below  the  sur- 
face of  the  ground.    All  forms  of  succulent  vegetation  furnish  food 
for  these  ravenous  pests.    When  cultivated  plants  replace  the  natural 
vegetation,  on  which  they  originally  subsisted,  cutworm  injury  often 
becomes   serious,   particularly  for  crops   like   cantaloupes,  cucum- 
bers, and  others,  where  only  a  few  perfect  plants  are  required  for  a 
considerable  area;  for  with  them  the  destruction  of  a  small  number 
of  plants  becomes  a  serious  matter ;  whereas  many  garden  vegetables 
may  be  thinned  out  by  cutworms,  or  other  insects,  without  the  loss 
being  noticeable. 


Fig.  1.— Greasy  Cutworm  Moth  {Agrotis  ypsilon).    (Magnified  2|  times.) 

Cutworms  occur  in  all  kinds  of  lands,  but  are  found  most  abund- 
antly in  sod  or  neglected  fields,  where  their  presence  is  not  noticed 
until  the  land  is  prepared  for  some  cultivated  crop.  A  study  of 
their  habits,  development,  winter  stage  and  life-history  serves  to 
show  when  and  how  they  may  be  fought  most  successfully. 
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DESCRIPTION    AND    HABITS. 

Parent  Moth. — The  adult  form  is  a  night  flying  moth,  to  which 
a  cutworm  changes  after  having  attained  full  growth  and  passed 
through  a  quiescent  (pupa)  stage  in  an  earthen  cell.  Several  dis- 
tinct species  of  cutworm  moths,  differing  in  size,  color  and  markings, 
are  known  to  occur,  but  all  bear  a  striking  resemblance  to  each  other. 
Collectively,  they  may  be  described  as  being  of  medium  size,  with 
hind  wings  lighter  than  the  fore  wings.  The  expanded  front  wings 
measure  from  one  and  one-half  to  two  inches;  the  color  of  these 
wings  is  always  dark  brown  or  gray,  with  wavy  lines  of  varying 
colors  and  frequently  a  kidney-shaped  mark  of  a  lighter  color.  The 
hind  pair  of  wings  are  usually  of  a  uniform  color,  but  always  of  a 
lighter  shade  than  the  front  ones.  Fig.  1  shows  a  species  of  common 
occurrence. 

These  moths  fly  at  night,  laying  eggs  on  the  stems  or  among  various 
kinds  of  succulent  vegetation,  and  hide  during  the  day^  seldom  moving 
unless  disturbed,  when  they  fly  with  a  quick  darting  movement. 

Eggs. — ^Eggs  are  deposited  in  flat  masses,  normally  on  grass  and 
weeds,  although  at  times  on  sticks  or  even  stones.  Eggs  are  usually 
laid  in  fields  containing  an  abundance  of  vegetation,  such  as  sod  land 
and  weedy  fields  where  the  larvae  will  find  suitable  food.  For  this 
reason  clean  cultivation  and  the  suppression  of  weeds  tends  to  lessen 
the  danger  of  cutworms  being  present. 

LarvcB. — ^All  cutworms  have  a  smooth  naked  body,  as  compared 
with  hairy  caterpillars,  varying  in  color  from  dirty  green  to  gray 
or  brown,  often  distinctly  marked  with  longitudinal  darker  stripes 
and  dots.  For  some  of  the  various  species,  common  names,  such  as 
greasy,  variegated,  glassy,  darksided,  etc.,  have  been  adopted.  Cut- 
worms are  always  provided  with  three  pairs  of  homy  legs  at  the 
anterior  (head)  end,  and  five  pairs  of  fleshy  prologs  on  the  abdomen 
to  support  the  body  when  crawling.  The  jaws  are  strong  and  adapted 
for  biting.  The  worms  average  about  one  and  one-half  inches  in 
length  when  full  grown.  A  very  characteristic  habit  of  theirs  is, 
when  disturbed,  to  curl  up  with  the  head  drawn  under  the  body.  Like 
the  parent  moths,  cutworms  are  active  only  at  night,  when  they  issue 
from  their  burrows  in  the  soil  to  feed  on  any  vegetation  at  hand,  eat- 
ing into  the  stems  near  the  surface  of  the  soil,  severing  or  partly 
girdling  them  and  often  going  from  one  plant  to  another  in  the  course 
of  a  night.  Sometimes  portions  of  small  plants  are  drawn  down  into 
the  burrows,  there  to  be  eaten  at  their  pleasure.  During  daytime 
the  worms  lie  buried  about  an  inch  deep  in  the  soil,  usually  close  by 
plants  on  which  they  have  fed. 

PupcB. — The  full-grown  cutworms  prepare  oval  earthen  cells  at  a 
depth  of  about  two  to  three  inches  and  there  change  to  pupse,  a  qui- 
escent stage,  like  the  silkworms  in  their  cocoons.  Finally,  the  pupae 
change  to  parent  moths,  as  already  described.        Digitized  by  ^^uuy  it: 
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LIFE-HISTOEY. 

The  cutworms  occurring  in  gardens  and  fields  in  early  spring  are  in 
reality  about  one-half  to  two-thirds  grown  worms,  which  have  hiber- 
nated in  the  soil,  without  feeding,  during  the  winter  months.  Their 
enormous  appetites  and  consequent  ability  to  cause  injury  is  therefore 
to  be  expected.  Upon  resuming  activity  in  spring,  and,  with  an 
abundant  food  supply,  the  cutworms  increase  rapidly  in  size,  becom- 
ing fully  grown  by  June,  and  then  pass  nearly  three  weeks  in  the 
pupal  stage,  after  which  the  moths  commence  to  emerge.  At  that 
season  most  crops  are  well  advanced  and  not  easily  injured,  heiw^ 
the  eggs,  laid  by  the  moths,  hatch  into  little  cutworms,  whose  presence 
and  feeding  are  not  noticeable,  except  in  some  instances.  Only  one 
generation  usually  occurs  each  year,  but  some  species  develop,  during 
the  fall  months,  a  second  generation  of  moths,  whose  progeny  pass  the 
winter  in  the  partially  grown  larval  stage. 

PREVENTIVE    AND    EEMEDIAL    MEASURES. 

With  this  knowledge  of  their  habits  and  life-history,  one  should 
readily  understand  the  importance  of  attempting  to  destroy  the  cut- 
worms which  hibernate  in  the  soil  during  winter,  or,  failing  in  that,  to 
try  to  poison  them  early  in  spring  when  the  land  is  prepared  for 
planting,  but  before  the  crops  are  above  ground  to  serve  as  food. 
Gardens  cultivated  each  year,  if  kept  in  good  condition,  free  from 
weeds  and  grass,  are  not  attractive  to  the  egg-laying  moths,  while  on 
the  other  hand,  grassy,  weedy  fields  and  sod  lands  are,  and  they 
usually  abound  in  cutworms  during  the  fall  months.  It  is  on  such 
lands,  hastily  prepared  and  planted  during  the  spring  rush  of  work, 
where  crops  may  be  seriously  damaged.  It  should  be  remembered 
that  the  cutworms  become  active  as  soon  as  the  earliest  vegetation 
commences  growth;  hence,  when  land  is  not  plowed  until  late  in 
spring,  the  worms  may  feed  and  become  quite  large  by  the  time  the 
crop  is  planted.  Plowing  and  preparing  the  land  naturally  destroys 
the  food  supply  of  the  worms,  consequently  inviting  their  attack  on 
whatever  crop  is  afterwards  planted. 

Clean  Culture  and  Winter  Plowing. — ^Breaking  land  during  late 
fall  or  winter,  followed  by  cross-plowing  or  harrovnng,  results  in  dis- 
turbing many  cutworms  in  their  earthen  hibernating  cells.  Thus 
exposed,  large  numbers  succumb  to  the  winter  weather,  or  fall  prey 
to  fowls,  birds,  ants,  or  others  of  their  predaceous  enemies.  Domestic 
fowls,  turkeys  and  guineas,  should  be  encouraged  to  forage  over 
plowed  fields,  as  they  pick  up  large  numbers  of  over-wintering  insects. 
After  fall  plowing,  seed  for  a  cover  crop  may  be  sown  to  improve  the 
land. 

Poisoned  Baits. — ^When  land  is  properly  and  thoroughly  prepared 
for  planting,  vegetation  is  practically  all  destroyed;  hence,  cutworms. 
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if  present,  deprived  of  their  natural  food  supply,  may  then  be  induced 
to  feed  on  poisoned  baits.  In  small  fields  or  gardens,  poisoned  baits 
are  thoroughly  practicable.  To  be  most  effective,  they  should  be  ap- 
plied three  or  four  days  after  land  has  been  well  prepared,  thus  al- 
lowing time  for  the  cutworms  to  become  hungry..  One  bait  that  has 
often  proved  a  success  is  prepared  as  follows : 

With  about  forty  parts  by  weight  of  corn  meal,  or  an  equal  bulk  of 
bran,  mix  one  part  of  Paris  green  or  white  arsenic;  moisten  with 
water  to  make  a  soft  dough  and  then  add  molasses  at  the  rate  of  two 
quarts  to  forty  pounds  of  the  mixture  in  order  to  sweeten  it. 

Another  bait  is  prepared  by  cutting  some  succulent  clover  and 
dipping  it  in  a  half-barrel  of  water  containing  one  pound  of  Paris 
green. 

The  freshly  prepared  bait  should  be  distributed  over  the  land  about 
sundown,  in  order  that  it  may  be  fresh  and  attractive  when  the  worms 
come  out  at  night  to  feed.  It  may  be  spread  broadcast  or  dropped  in 
little  heaps  at  regular  intervals.  A  second  treatment  two  days  after 
the  first,  is  advisable,  and  should  insure  good  results. 

All  poison  baits  should  be  used  with  caution,  or  not  at  all  if  domestic 
fowls  are  liable  to  get  to  it. 

Mechanical  Barriers, — Circidar  bands  of  stiff  cardboard,  tarred 
paper,  or  tin  cans  with  the  top  and  bottom  removed,  may  be  profita- 
bly employed  to  protect  a  few  choice  plants.  These  bands  must  be 
pressed  into  the  soil  an  inch  and  a  half  deep  to  prevent  cutworms 
burrowing  under  the  edges,  and  should  extend  about  two  inches  above 
the  surface.  Vertical  holes  with  smooth,  hard  sides,  made  with  a 
round  iron  bar  or  sharpened  stick,  near  hills  of  cucurbit  plants,  are 
said  to  make  good  traps  into  which  cutworms  will  crawl  and  be  unable 
to  get  out  again. 

Repellents. — The  odor  of  kerosene  is  objectionable  to  most  insects. 
Sawdust  saturated  with  kerosene  and  then  placed  around  plants  has 
been  suggested  to  repel  flea  beetles  and  other  insects  attacking  low 
growing  plants,  and  its  use  may  prove  effective  as  a  repellent  for  cut- 
worms. 

STRIPED  CUCUMBER  BEETLE. 

(Diabrotica  vittata,  Fabr.) 

Cucumber,  squash  and  melon  plants  are  scarcely  allowed  time  to 
appear  above  ground  in  the  spring  before  they  are  attacked  by  a  small 
active  beetle,  yellow  in  color,  with  three  black  stripes,  an  insect 
familiar  to  most  gardeners.  Although  about  equally  injurious  to  all 
cucurbits,  this  offender  is  generally  called  the  striped  cucumber  beetle. 
How  they  always  happen  to  be  present  is  explained  later ;  but  for  the 
moment  let  us  consider  the  extent  of  the  injury  usually  inflicted. 
The  beetles  eat  the  leaves,  and  delight  especially  in  gnawing  off  the 
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epidermis  of  the  steins  of  the  tender  plants,  and,  not  always  content 
with  feeding  above  ground,  they  may  even  burrow  underneath  to 
reach  the  tenderer  parts.  The  resulting  damage  is  slight  or  severe, 
in  proportion  to  the  number  of  beetles  at  work,  but  always  results  in 
retarding  or  entirely  checking  the  growth.  After  the  plants  attain 
some  size  this  feeding  does  not  seriously  affect  further  development 
but  more  or  less  injury  of  this  nature  continues  even  after  plants  are 
grown.'  The  beetles  are  further  charged  with  being  the  means  of 
spreading  the  disease  known  as  cucurbit  wilt. 

Another  source  of  injury  is  caused  by  the  larvae  (young  stage) 
living  in  the  soil,  feeding  on  the  tender  roots  of  all  cucurbits;  also 
by  making  shallow  channels  in  the  rind  of  the  developing  fruits 
wherever  these  rest  on  moist  soil. 

Striped  cucumber  beetles  are  present  almost  everywhere,  certainly 
in  all  the  eastern  States.  No  one  should  expect  to  raise  cucurbite 
without  reckoning  with  this  pest.  The  full  extent  of  its  ravages  is 
difficult  to  estimate,  but  delayed  crops,  poor  stand,  weakened  gro^h 
and  the  necessity  for  replanting  are  often  traceable  to  these  beetles 
and  their  larvse. 

DESCEIPTION    AND    HABITS. 

Beetles. — The  beetles,  measuring  barely  one-fourth  inch  in  length, 
are  of  the  shape  shown  in  Fig.  2.    The  general  color  is  yellow  alwve, 
^^___^    with   a   longitudinal   black   stripe   toward  the  outer 
edge  of  each  wing  cover  and  with  the  inner  edge  of 

teach  wing  black,  forming  a  median  dorsal  stripe,  so 
that  the  beetles  show  three  black  stripes.    The  head 
and  most  of  the  underside  of  the  body  is  black. 
These  beetles  hibernate  during  winter  under  nilv 
bish,'  stones,  fences,  buildings,  etc.,  issuing  forth  early 

in  spring  in  search  of  food.     In  this  matter  they  are 

„    o  .    .     not   particular,    and   may   eat   cultivated   crops  such 

Fia.   2.— striped  ^,  '  i«xix  -jx      V^^ 

Cucumber  Beetle,    as  pcas,  beans,  com,  or  cucurbits,  but  are  said  to  snow 
'  Mmes.)  a   partiality   for  wild   flowers  like   aster,   sunflower, 

golden-rod,  June  berry,  cherry  and  related  plants.  With  this  wide 
range  of  food  plants  it  is  not  surprising  that  the  beetles  are  every- 
where present.  When  cucurbits  commence  to  bloom,  the  beetles  feed 
largely  on  the  pollen. 

Eggs, — The  eggs  were  discovered  in  1899,  and  were  described  as 
being  bright  lemon-yellow  to  orange  in  color,  measuring  about  one- 
fortieth  inch  in  length,  and  only  one-half  as  wide.  They  are  deposited 
about  the  roots  or  main  stems  of  the  host  plants,  or  in  the  soil  close 
by.  One  investigator  observed  eggs  being  laid  on  leaf  stalks  just  be- 
low the  surface  of  the  ground.  Others  have  seen  eggs  placed  in 
crevices  in  the  soil. 
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LarvcB  and  Pupce. — The  larvae  are  slender  white  worms  with  head 
and  anal  plate  dark  brown.  They  lack  the  prolegs  which  are  char- 
acteristic of  the  larvsB  of  moths  and  butterflies.  The  worms  attain  a 
length  of  about  one-half  inch,  when  grown,  and  then  change  to  pupse, 
still  remaining  in  the  soil.  The  pupa  stage  is  white,  while  in  shape 
and  outline  resembling  the  parent  beetle,  to  which  it  eventually 
changes,  after  a  period,  in  warm  weather,  of  from  eight  to  thirteen 
3ays. 

LIFE-HISTOBY. 

The  beetles  emerging  from  winter  hibernating  quarters  feed  for  a 
time  and  commence  egg  deposition  after  the  host  plants  (cucurbits) 
are  well  above  ground.  Observations  made  by  Garman'  in  1900  in- 
dicate that  egg  laying  does  not  commence  in  Kentucky  until  June, 
although  it  probably  commences  earlier  in  North  Carolina.  The  life 
cycle  from  egg  to  adult  may  cover  from  one  month  to  five  weeks.  The 
larvsB  are  very  active,  moving  freely  among  the  roots,  feeding  here  and 
there,  or  establishing  themselves  under  some  cucumber  or  cantaloupe, 
where  these  rest  on  moist  soil,  and  feed  on  the  soft  rind.  During  July 
and  August  one  may  easily  find  the  larvae  in  the  moist  soil  or  clinging 
to  the  rind,  if  cantaloupes  are  turned  over. 

Reasoning  from  the  fact  that  the  life  cycle  covers  only  about  five 
weeks,  one  might  conclude  that  four  or  five  generations  would  occur 
during  the  summer;  but,  judging  from  investigations  in  other  States, 
there  must  be  only  two  or  three  full  generations  annually  in  the 
South.  In  New  Hampshire  there  is  only  one  generation,  but  south- 
ward from  the  District  of  Columbia  there  seem  to  be  two  or  three. 
The  beetles  that  commence  egg  deposition  during  late  May  or  early 
June  may  continue  this  for  two  months  or  more;  hence,  the  first 
generation  may  mature  to  adults  and  commence  egg  laying  before  the 
hibernated  beetles  have  finished. 

BEMEDIAL    MEASURES. 

The  various  means  adopted  to  prevent  or  lessen  injury  caused  by 
the  striped  cucumber  beetle  may  be  classed  into  three  more  or  less 
distinct  methods:  first,  preventive  measures;  second,  use  of  repel- 
lents ;  and,  third,  poisoning  by  means  of  dust  or  liquid  applications. 
In  most  instances  growers  of  cucurbits  may  profitably  adopt  one  or 
more  of  the  suggestions  following. 

Covers  for  Young  Plants. — Knowing,  as  we  do,  that  the  beetles 
may  appear  as  soon  as  cucurbits  are  planted,  plans  should  be  made 
to  protect  the  plants  during  their  tender  age.  A  simple,  cheap  cover 
is  made  by  cutting  a  barrel  hoop  in  halves,  crossing  the  two  semi- 
circles over  a  hill,  pressing  the  ends  into  the  soil,  and  covering  the 
frame  thus  provided  with  gauze  or  mosquito  netting,  held  in  place  by 
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heaping  earth  around  the  edges.  This  furnishes  complete  protection 
against  all  insects,  except  cutworms,  and  a  little  poison  bait  may 
destroy  them.  .Any  frame  able  to  support  a  gauze  cover  will  answer 
the  purpose,  and  may  be  removed  entirely  after  about  three  weeks 
growth,  if  the  plants  are  well  started.  These  covered  frames  may 
serve  for  an  early,  and  again  for  a  later  crop,  besides  being  kept  from 
one  season  to  the  next. 

Headley*  recommends  using  a  wire-screen  cover  made  as  follows: 
"Secure  yard-wide  screen  wire  of  slightly  smaller  mesh  than  the 
ordinary  window  screen,  and  cut  off  one  yard ;  the  piece  will  then  be 
one  yard  each  way.  Describe  a  circle  on  this  piece,  having  a  diameter 
of  36  inches,  and  cut  off  the  corners.  Then  divide  this  circular 
piece  of  wire  into  two  equal  parts,  fold  the  straight  cut  equally  upon 
itself,  bend  the  two  edges  over  together  twice  and  hammer  them 
down  firmly.  Thus,  a  cone-shaped  wire  cover,  costing  a  few  cents 
and  capable  of  withstanding  several  years  wear,  is  ready  for  use.'' 

These  covers  serve  a  double  purpose  by  preventing  the  beetles  from 
reaching  the  plants  either  to  feed  or  lay  eggs. 

Planting  Excess  of  Seed, — ^Where  mechanical  barriers  are  not  em- 
ployed, planting  an  excess  of  seed  is  advisable,  although  other  reme- 
dial measures  should  not  be  neglected.  Seed  is  not  expensive.  After 
the  plants  are  well  started  the  hills  may  be  thinned  to  the  desired 
number.  Chittenden*  has  suggested  planting  seed  in  squares  for  each 
hill,  planning  to  make  a  second  planting  one  week  after  the  first,  and 
a  third  a  week  later,  etc.,  if  necessary.  When  beetles  are  numerous 
this  insures  getting  a  stand  with  the  least  possible  delay. 

Repellents. — Land  plaster,  wood  ashes,  tobacco  dust,  dry  slaked 
lime  and  similar  applications,  sprinkled  over  and  around  young  plants, 
are  of  some  value,  but  unless  used  with  a  good  insect  powder  or 
arsenical  poison  they  are  not  very  effective.  Bordeaux  mixture  is 
probably  the  most  valuable  repellent  in  use,  as  its  presence  on  plants 
is  distasteful  to  the  beetles,  although  here,  again,  some  poison  should 
be  added,  for  it  involves  no  more  work  and  very  little  additional 
expense. 

Kerosene  has  an  odor  distasteful  to  most  insects.  Some  truckers 
have  recently  used  it  to  saturate  sawdust,  sprinkling  the  mass  over 
and  around  plants  as  a  repellent.  Just  how  effective  this  treatment 
will  prove  is  as  yet  somewhat  problematical,  but  the  method  should  be 
given  a  thorough  trial. 

Bordeaux  Mixture  and  Arsenicals. — Cucurbit  plants  may  be  very 
effectively  protected  from  striped  cucumber  beetles,  and  other  leaf- 
eating  forms  also,  by  spraying  with  a  3-4-50  formula  of  Bordeaux, 
containing  one-half  pound  of  Paris  green  or  three  pounds  of  arsenate- 
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of  lead  to  each  fifty  gallons,  but  it  should  not  be  applied  until  the 
vines  commence  to  run,  because  it  seems  to  check  the  growth  of  young 
plants.     Arsenate  of  lead  possesses  a  greater  adhesive  power  than 
Paris  green,  which  renders  it  proportionately  more  effective,  par- 
ticularly during  rainy  seasons.    Experiments  by  Popenoe*  at  Diamond 
Springs,  Va.,  in  1908,  showed  that  arsenate  of  lead  alone,  or  with 
Bordeaux,  was  an  excellent  remedy.     He  used  only  two  pounds  in 
fifty  gallons,  but  three  pounds  would  doubtless  give  better  results, 
because  the  poisoning  action  of  the  arsenate  is  not  rapid.     When 
plants  are  started  in  hotbeds  or  greenhouses  they  may  be  dipped  in 
some  poison  mixture  before  transplanting.    Afterwards,  as  new  leaves 
appear,  the  whole  field  may  be  sprayed. 

The  great  value  of  this  poisoning  treatment  depends  upon  the  pos- 
sibility of  destroying  the  earliest  appearing  beetles  before  they  com- 
mence to  lay  eggs  for  the  first  generation. 

Dry  Arsenical  Mixtures. — Paris  green  or  powdered  arsenate  of 
lead  naay  be  profitably  employed  if  mixed  with  some  dry  powder 
usually  recommended  as  a  repellent.  In  fact,  it  seems  like  a  waste 
of  time  to  apply  wood  ashes,  tobacco  or  lime  dust  without  the  addition 
of  some  poison.  One  pound  of  Paris  green  or  two  pounds  of  powdered 
arsenate  of  lead  should  be  mixed  with  enough  suitable '  carrier  to 
make  that  amount  of  poison  cover  about  one  acre  of  plants.  This 
mixture  may  be  sifted  on  the  plants  by  shaking  it  through  a  sack 
made  of  four  thicknesses  of  mosquito  netting,  or  any  material  of 
proper  texture,  or  it  may  be  applied  by  means  of  some  one  of  the  dry- 
powder  guns  that  are  sold  for  this  purpose.  It  should  be  u^^d,  prefer- 
ably, when  the  plants  are  moist  with  dew,  and  repeated  several  times 
during  the  season  until  the  danger  period  is  passed. 

The  disadvantage  of  a  dry  poison  mixture  compared  with  Bordeaux 
and  arsenicals,  is  the  necessity  of  repeating  it  after  each  rain,  while 
the  liquid  spray,  particularly  arsenate  of  lead,  need  not  be  repeated 
oftener  than  necessary  to  protect  the  new  growth. 

Trap  Plants. — A  few  very  early  cucumber  or  cantaloupe  plants 
will  often  serve  to  attract  the  early  beetles,  which  may  then  be 
poisoned  with  a  strong  Paris  green  spray.  Some  persons  claim  that 
gourds  are  especially  attractive  to  the  striped  cucumber  beetles,  and 
that  a  few  planted  between  the  rows  furnish  some  protection  to  the 
main  crop  of  cucurbits.  A  few  rows  of  beans  are  also  valuable  to 
furnish  food  for  many  beetles  that  would  otherwise  attack  the  main 
crop.  Late  plantings  of  cucurbits  are  advisable,  to  serve  simply  as  a 
trap  on  which  the  beetles  may  be  poisoned,  thus  reducing  the  number 
that  would  otherwise  go  into  hibernating  quarters. 

Experiments  with  arsenicals  and  repellents  have  shown  that  the 
striped  cucumber  beetles  are  expert  at  avoiding  the  sprayed  or  dusted 
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portions  of  plants,  thus  rendering  it  difficult  to. poison  them,  except 
during  a  short  period  after  they  first  appear  in  spring  and  again 
late  in  the  fall.  For  this  reason  it  seems  advisable  to  provide  trap 
plants  to  attract  the  beetles,  while  at  the  same  time  keeping  the  main 
crop  well  coated  with  poison  or  repellent  applications.  The  beetles 
are  inclined  to  desert  the  treated  plants,  especially  when  clean  plants 
are  available,  even  though  they  might  find  many  untouched  spots  on 
the  sprayed  rows. 

Clean  Culture. — Gardens  and  fields  where  cucurbitaceous  crops 
have  been  grown  should  be  cleared  of  all  remnants  of  the  old  plants, 
together  with  the  weeds  and  rubbish,  and  this  material  burned,  or 
otherwise  destroyed  during  late  fall,  or,  preferably,  as  soon  as  the 
crop  becomes  worthless.  This  reduces  the  chance  of  leaving  con- 
venient hiding  places  for  the  beetles  during  the  winter  months.  Fence 
rows  should  be  cleaned  out  and  sod  land  adjoining  the  cultivated  fields 
may  be  burned  over  to  help  destroy  hibernating  individuals. 

CUCUMBER  FLEA  BEETLE. 

(Epitrix  cucumeris,  Harr.) 

A  small,  black,  oval-shaped,  jumping  beetle,  about  one-twelfth  inch 
in  length,  sometimes  causes  quite  severe  injury  by  eating  holes  in 
the  foliage  of  young  cucumbers  and  other  cucurbits.  The  larra  of 
this  species  is  a  leaf  miner,  attacking  the  same  plants,  but  seldom 
causing  much  damage. 

BEMEDIES. 

Wire  screens  or  other  mechanical  covers,  poison  and  repellent 
sprays,  dry  poison  applications,  clean  culture,  and,  in  fact,  all  methods 
suitable  for  fighting  the  striped  cucumber  -beetle,  are  about  equallj 
effective  against  flea  beetles. 

TWELVE-SPOTTED  BEETLE. 

(Diabrotica  12-punctata,  Oliv.) 
(These  are  the  parents  of  Southern  corn  root- worms.) 

Among  the  insects  commonly  found  feeding  on 
young  cucurbits,  this  characteristically  marked 
green  beetle  with  twelve  black  spots  on  its  wing 
covers  is  nearly  always  represented.  They  feed 
on  the  foliage  and  in  the  blossoms,  being  present 
from  early  spring  until  late  fall.  Like  the  striped 
cucumber  beetle,  they  enjoy  a  wide 'range  of  food 
plants,  including  many  garden  vegetables.  The 
Fig.  3.-Tweive-spot-  larval  stage  is  the  worm  commonly  known  to 
(Ma^ed1f"tTmes.)  farmers  as  the  corn  root-worm  or  corn  bud- 
worm,  which  often  causes  very  extensive  injury. 
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DESCBIPTION    AND   HABITS. 

Beetles. — The  beetles  average  about  three-tenths  inch  long;  the 
color  is  green  or  yellowish  green,  with  each  wing  cover  showing 
six  prominent  black  spots.  Their  general  shape  is  shown  in  Fig.  3. 
They  are  found  on  all  classes  of  plants,  but  especially  delight  in 
feeding  upon  the  flowers  of  field  crops  and  fruit  trees,  and  might 
literally  be  termed  omniverous  and  omnipresent. 

LarvoB  and  PupcB, — The  larvee  feed  at  the  roots  of  corn,  wheat. 
rye,  millet,  and  other  cereals  or  grasses,  but  their  injury  to  young 
cornfields,  by  which  they  have  earned  the  name  corn  root-worm,  is 
of  first  importance.  The  slender  larvae,  which  are  yellowish  white  in 
color,  with  a  brown  head  and  strong  biting  jaws,  attain  a  length  of 
one-half  inch  in  three  to  four  weeks,  then  transform  to  the  pupal 
stage  in  little  cells  in  the  soil,  and,  about  two  weeks  later,  transform 
again  to  become  adult  twelve-spotted  beetles,  as  already  described. 

LIFE-HISTORY   AND    GENERATIONS. 

Only  two  generations  develop  annually,  but  the  beetles  live  a  long  • 
time.  Those  of  the  second  generation  live  and  feed  during  the  fall 
months,  hibernate  during  winter,  and  appear  again  quite  early  the 
following  spring  to  feed  on  various  plants,  including  cucurbits  such 
as  cucumbers,  cantaloupes  and  squash.  Noticeable  injury  occurs  only 
while  the  plants  are  small,  although  the  beetles  may  continue  feeding 
in  cucurbit  blooms  during  the  entire  season  of  growth. 

REMEDIAL    MEASURES. 

The  twelve-spotted  beetles  yield  to  the  same  treatment  as  the  striped 
cucumber  beetles.  Where  plants  are  protected  from  the  latter  they 
cannot  be  damaged  by  the  former,  but  unless  some  of  the  remedial 
measures  suggested  on  pages  9-12  are  followed,  the  combined  injury 
from  these  two  forms  is  likely  to  be  serious.  Aside  from  merely 
protecting  the  cucurbit  crops,  all  successful  attempts  to  poison  the 
twelve-spotted  beetles  result  in  lessening  the  numbers  that  would 
otherwise  lay  eggs  around  corn  plants  in  nearby  fields. 

SQUASH  LADY-BEETLE. 

{Epilachna  borealis.  Fab.) 

The  above  common  name  is  applied  to  a  large  species  of  lady-beetle 
which  may  occur  in  small  numbers  on  squash,  gourds  and  other  cucur- 
bits. They  are  seldom  numerous,  but  are  mentioned  mainly  because 
their  feeding  habits  are  so  strikingly  different  from  other  lady-beetles 
whose  food  consists  chiefly  of  scale  insects,  plant  lice,  or  other  small 
insects.  For  this  reason  lady-beetles  are  generally  considered  bene- 
ficial, and  should  be  encouraged  to  multiply. 
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The  squash  lady-beetles,  and  their  larvae  also,  are  plant  feeders,  oc- 
casionally numerous  enough  to  partially  defoliate  the  plants  on  which 
they  occur.  Cucurbit  growers  should  learn  to  recognize  them  in  order 
to  avoid  making  the  mistake  of  attempting  to  destroy  the  really  bene- 
ficial lady-beetles,  which  resemble  this  plant-feeding  species  in  gen- 
eral shape  and  appearance. 

DESCBIPTION   AND    HABITS. 

Beetles. — The  beetles  measure  about  one-third  inch  in  length,  have 
a  small  head  and  thorax,  and  rather  short  legs.     The  whole  body  is 
slightly  oval    (Fig.   4)   with  a  strongly  arched 
back.     The  general  cover  is  light  yellow.    The 

•  thorax  bears  four  small  black  spots,  while  the 

wing  covers  when  closed  show  twelve  black  spots 
.     of  irregular  size,  two  of  which  are  divided  by  the 
inner  margin  of  the  wings,  forming  two  large 
median  dorsal  spots.    The  ventral  side  of  the  body 

^ is  yellow,   marked   with   black.      The  legs  are 

yellow. 

*''''•  *"^«Si"*' ^^^'  ^^^  ^^y  ^*t®r  native  lady-beetle  liable  to  be 

(Magnified  2i  times.)  mistaken  for  this  species  has  only  nine  black 
spots  on  the  wing  covers,  while  the  body  beneath 
is  black,  including  the  legs.     It  is  also  of  a  smaller  size. 

The  northern  lady-beetles  hibernate  during  winter,  come  forth  in 
spring  and  feed  on  the  foliage  of  cucurbits,  and  at  times  on  the  rind 
of  melons  and  squash.   * 

Eggs. — The  eggs  are  yellow  in  color,' elliptical  in  shape  and  are  laid 
in  clusters  on  the  underside  of  the  leaves. 

Larvce  and  Pupce. — The  larvse  are  a  little  longer  than  the  parent 
beetles,  yellow  in  color,  with  each  segment  of  the  body  bearing  six 
prominent  branched  spines,  of  which  the  basal  half  is  yellow  and 
terminal  half  black.  They  always  feed  on  the  underside  of  the  leaves. 
When  grown  they  transform  to  the  pupal  stage,  attached  to  a  leaf, 
and  after  a  week  or  ten  days  change  to  adult  beetles. 

REMEDIAL    TREATMENT. 

Both  larvae  and  beetles  are  slow  and  stupid  in  action,  so  that  re- 
moving them  by  hand  is  readily  accomplished,  and  generally  nothing 
further  is  needed  than  an  occasional  hand  picking.  Poison  sprays, 
applied  while  the  plants  are  small,  will  kill  many  of  the  beetles.  As 
already  intimated,  cucurbit  growers  are  cautioned  against  mistaking 
other  lady-beetles  for  this  species,  because  all  other  native  forms  may 
be  quite  beneficial  by  destroying  melon  lice  and  other  small  insects. 
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MELON  APHIS  OR  PLANT  LOUSE. 

{Aphis  gossipii,  Glov.) 

Plant  lice  of  various  sizes,  colors  and  habits  are  frequently  found 
on  all  forms  of  vegetation.  Scarcely  a  single  variety  of  plant  or  tree 
passes  the  summer  without  being  attacked  by  some  one  or  more  species 
of  these  sucking  insects.  The  melon  plant  louse  is  one  of  the  many 
forms.  Fields  of  cucumbers  and  melons  are  frequently  injured  by 
these  lice  clustering  in  enormous  numbers  on  the  lower  surfaces  of  the 
leaves.  The  same  species  may  occur  on  young  cotton,  and  are  then 
known  as  cotton  lice.  They  are  capable,  when  numerous,  of  causing 
severe  stunting  of  growth  or  even  the  death  of  young  plants.  Lice 
may  occur  all  through  the  summer  months,  sometimes  damaging 
cucumbers  and  cantaloupes  after  the  vines  have  grown  to  several  feet 
in  length. 

FEEDING  HABITS  AND  INJURY. 

Plant  lice  suck  the  juices  through  a  tube-like  beak  which  is  in- 
serted into  the  leaf  or  stem.  Feeding  in  populous  colonies  on  the 
underside  of  the  leaves,  and  consequently  extracting  the  juices  rapidly 
from  that  side,  they  cause  the  infested  leaves  to  curl  downward,  be- 
cause the  upper  surface  contains  the  most  moisture.  The  effect  is 
similar  to  that  resulting  from  wetting  only  one  side  of  a  sheet  of  paper. 
When  hundreds  or  thousands  of  lice  occur  on  a  plant,  they  soon  cause 
a  stunted,  weakened  growth,  or  else  death.  As  the  leaves  curl,  the  lice 
become  better  protected  from  any  spray  that  the  grower  may  desire  to 
apply.  Arsenical  poison  sprays  are,  of  course,  of  no  avail.  Some 
mixture  that  kills  by  contact  may  be  employed  with  good  results,  be- 
cause the  lice  have  soft,  unprotected  bodies,  easily  affected  by  mineral 
oils,  soaps,  or  solutions  having  a  caustic,  penetrating  action. 

DESCBIPTION  AND  LIFE-HISTORY. 

Plant  lice  of  nearly  all  species  reproduce  by  giving  birth  to  living 
young,  the  adults  being  both  winged  and  wingless.  Many  generations 
develop  each  season.  During  summer  the  colonies  of  lice  contain  no 
true  males  and  females,  representing  a  development  known  as  par- 
thenogenesis, that  is,  young  are  produced  without  the  intervention  of 
the  male.  The  melon  louse  is  no  exception  to  this  rule.  True  males 
and  females  are  developed  by  the  last  fall  generation,  and,  after 
mating,  the  females  deposit  eggs  which  do  not  hatch  until  the  follow- 
ing spring.  The  lice  hatching  from  these  winter  eggs  develop  into 
viviparous  females,  whose  young  are  born  alive,  as  already  explained. 

The  melon  louse  is  about  one-twentieth  of  an  inch  in  length  and 
yellowish  green  in  color.  Both  winged  and  wingless  forms  occur.  The 
former  serve  to  spread  the  species  by  flying  to  other  plants,  when  the 
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food  supply  becomes  depleted,  thus  accounting  for  the  isolated  colonies 
that  suddenly  appear  during  the  summer  months.  Each  individual 
matures  in  from  six  to  eight  days,  and  is  then  capable  of  giving  birth 
to  about  fifty  young.  Considering  this  rapid  rate  of  multiplication, 
one  would  expect  to  see  all  infested  plants  destroyed,  and  such  a  re- 
sult might,  indeed,  be  seen  were  it  not  for  the  valuable  assistance  ren- 
dered by  parasites,  both  internal  and  predaceous,  which  destroy  great 
numbers  of  lice.  With  these  facts  in  mind,  let  us  consider  the  methods 
by  which  melon  lice  may  be  controlled. 

REMEDIAL    MEASURES. 

Spraying. — Spraying  infested  plants  with  some  solution  that  kills 
by  contact,  such  as  kerosene  emulsion,  soap  solutions,  or  tobacco 
decoctions,  is  one  method  of  fighting  melon  lice.     The  spray,  to  be 
effective,  must  hit  and  cover  the  lice  on  the  underside  of  the  leaves. 
This  necessitates  using  a  spray  nozzle  on  the  end  of  a  curved  rod.  or 
lifting  and  turning  the  leaves  and  vines.     Spray  mixtures  must  be 
applied  with  a  pump  capable  of  furnishing  strong  pressure,  so  that 
the  liquid  may  be  forced  into  the  colonies  to  touch  each  individual. 
Simply  sprinkling  the  tops  of  infested  plants  is  worse  than  a  waste 
of  time. 

Kerosene  emulsion  at  a  strength  of  10  per  cent  is  the  most  eSectire 
spray  in  most  cases.  It  is  prepared  by  dissolving  one-half  pound 
of  potash  soap  in  one  gallon  of  boiling  hot  water,  then  adding  twro 
gallons  of  kerosene  and  churning  this  mixture  violently  for  ten  to 
fifteen  minutes,  or  until  a  perfectly  smooth,  creamy  mass,  without 
any  free  oil  on  top,  is  obtained.  Three  gallons  of  concentrated  mix- 
ture thus  prepared,  diluted  with  seventeen  gallons  of  water,  will  make 
twenty  gallons  of  10  per  cent  kerosene  emulsion.  If  used  at  a  greater 
concentration,  or,  if  the  emulsion  is  not  properly  prepared,  some  in- 
jury to  plants  may  result.  Any  one  making  kerosene  emulsion  should 
realize  that  the  mixture  of  oil,  soap  and  water  must  be  churned  until 
the  drops  of  oil  become  so  completely  broken  up  and  combined  with 
the  soap  that  none  will  rise  to  the  top.  It  is  often  recommended 
to  make  and  keep  the  concentrated  mixture  on  hand,  to  be  diluted 
when  used,  but  this  practice  frequently  results  in  the  use  of  ar. 
imperfect  emulsion,  which  injures  the  plants.  When  freshly  prepared 
it  seldom  causes  injury  at  thfe  strength  recommended  above. 

Tobacco  decoctions  are  nearly  as  effective  as  kerosene  emulsion, 
particularly  if  made  from  fresh,  strong  tobacco  leaves  or  stems. 

Tobacco  leaves  or  stems 2  pounds. 

Water 4  gallons. 

Boil  for  about  two  hours. 

Decoction  made  by  the  above  formula  should  be  used  without  dilu- 
tion.    By  using  tobacco  of  full  strength  the  decoction  obtained  will 
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kill  practically  every  louse  it  touches,  but  failures  often  result  from 
using  too  weak  solutions. 

Extracts  of  tobacco  sold  under  various  trade  names  are  on  the 
market  and  are  widely  advertised.  The  majority  of  them  are  valua- 
ble, and,  as  the  manufacturers  claim,  have  the  advantage  of  being 
quickly  prepared  for  use  by  simply  diluting  with  cold  water,  and  any 
one  can  soon  determine  the  strength  necessary  to  kill  melon  lice. 

Soap  solution,  consisting  of  one  pound  of  any  strong  potash  washing 
soap  in  four  or  five  gallons  of  water,  applied  slightly  warm,  is  quite 
eflfective.  Potash  whale-oil  soap  is  superior  to  common  soap,  and 
will  admit  of  greater  dilution  and  still  be  effective.  A  combined 
tobacco  and  whale-oil  soap  is  prepared  by  some  manufacturers. 

Fumigation. — ^Within  recent  years  a  method  of  fumigating  canta- 
loupe plants  has  been  quite  well  perfected.  Sanborn*  made  valuable 
experiments  with  specially  prepared  tobacco  or  nicotine  fumigating 
papers,  manufactured  and  sold  under  the  names  nico-fume  tobacco 
paper,  aphis  punk  and  to-bac-ine,  and  perfected  a  system  of  fumigat- 
ing by  the  use  of  cloth-covered  frames.  The  following  description 
of  a  fumigating  outfit  is  based  on  his  work : 

Cloth-covered  Frames  for  Fumigating. — ^For  fumigating  vines 
from  two  to  four  feet  long  construct  a  light  wooden  frame,  square  or 
rectangular,  of  the  desired  dimensions,  and  nail  an  eight-inch  leg  to 
each  comer.  This  may  be  covered  with  heavy  muslin  saturated  with 
linseed  oil  to  render  it  air-tight.  Cut  the  muslin  in  pieces  large 
enough  to  cover  the  frame  and  extend  one  foot  over  each  side,  and 
tack  to  the  top,  but  not  to  the  legs  of  the  wooden  frame.  The  loose 
edges  of  the  muslin  may  be  covered  with  earth  to  prevent  any  escape 
of  gas.  A  frame  of  this  construction  makes  a  perfect  fumigating  ar- 
rangement, as  it  can  be  placed  over  any  portion  of  a  long  vine  if  de- 
sired without  damage  and  without  disturbing  the  vine. 

The  tobacco  fumigating  papers  are  so  prepared  as  to  bum  rapidly, 
producing.a  dense  smoke,  and  are  used  by  lighting  the  desired  amount 
in  a  tin  can  under  one  corner  of  the  frame.  Old  tin  cans  with 
perforations  near  the  bottom  edge  answer  the  purpose  very  well.  By 
this  method  all  the  lice  are  killed  in  from  twenty  to  thirty  minutes, 
without  injuring  the  plants.  The  treatment  is  comparatively  cheap 
and  effective — much  more  so,  in  fact,  .than  the  best  spraying  that 
could  be  done.  By  having  several  frames  in  operation,  two  men  may 
fumigate  large  areas  in  a  day. 

Beneficial  Parasites. — As  already  stated,  parasites  and  predaceous 
enemies  render  valuable  aid  in  controlling  the  melon  lice.  In  Texas. 
Sanborn  has  shown  that  it  pays  to  induce  the  increase  of  lady-beetles 
by  planting  rape,  which  usually  bears  cabbage  lice  in  abundance. 
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This  plant  furnishes  food  in  the  fall  for  a  number  of  predaeeous 
parasites,  such  as  lady-bird  beetles  and  their  larvae,  that  feed  on  the 
cabbage  lice,  and  the  beetles  hibernate  among  the  weeds  and  rubbish 
and  thus  are  usually  present  in  the  spring  and  ready  to  attack  the 
first  broods  of  melon  lice.  Rape,  as  a  trap  plant,  should  be  planted 
in  summer  and  fall  in  the  gardens  or  on  the  edge  of  the  fields  where 
cantaloupes  and  cucumbers  are  to  be  planted  the  following  year. 

Food  Plants. — In  order  that  readers  may  understand  why  melon 
lice  appear  in  fresh  lands,  or  fields  remote  from  cucurbits  or  cotton, 
and  why  they  should  expect  visitations  of  these  lice  each  season,  a 
list  of  plants  on  which  the  species  has  been  found,  as  reported  bv 
Pergande  of  the  United  States  Bureau  of  Entomology,  is  here  given: 

Shepherd's  purse,  pepper  grass,  dock,  burdock,  dandelion,  pig- 
weed, wormseed,  plantain,  chickweed,  morning  glory,  three-seeded 
mercury,  button  weed,  ground  ivy,  red  clover,  Indian  strawberrv, 
mallow,  cultivated  strawberry,  dwarf  bean,  spinach,  hop,  cotton,  pear, 
European  dogwood,  orange,  hydrangea,  begonia  and  Jamestown  or 
Jimson  weed. 

As  this  list  includes  many  common  weeds  found  in  cultivated  fields, 
it  serves  to  explain  how  the  insects  survive  the  winter  and  appear  on 
cucurbits  in  all  localities. 

COMMON  SQUASH  BUG. 

(Anasa  tristis,  De  G.) 

Stink  bug  is  a  name  often  applied  to  this  insect,  as  well  as  to 
several  closely  related  forms,  because  of  their  disagreeable  odor. 

The  squash  bug  is  another  example  of 

a    sucking    insect,    like    the    melon  loose, 

#  which  feed  solely  by  extracting  the  plant 

juices.  Their  destructive  power  is,,  how- 
ever, in  one  sense,  much  greater,  for  in  ad- 
dition to  being  much  larger  than  melon 
lice,  the  wounds  made  by  the  sucking  beak 
of  the  squash  bugs  seem  to  be  poisonous  to 
the  plant  tissue,  causing  the  pimctured 
leaves  to  wither  and  die  as  though  the 
stem  had  been  girdled,  cutting  off  the  food 
supply  from  the  roots.  For  this  reason  a 
few  bugs  may  kill  young  plants  without 
actually  extracting  much  of  the  sap.  Fo^ 
tunately,  the  bugs  do  not  emerge  from 
winter  quarters  until  late  in  spring,  and 
the  early  planted  crops  are  usually  well  ad- 


Fio.  5.— Common  Squash  Bug. 
(Magnified  2i  times.) 


vanced  when  feeding  commences. 
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Squash  bugs  are  commoiily  present  in  gardens  and  fields  from 
early  June  until  late  fall,  and  in  addition  to  their  destructive  feeding 
habits  they  are  charged  with  being  distributing  agents  for  the  melon 
-wilt  disease,  by  transferring  the  wilt  bacteria  from  one  plant  to  an- 
other. 

Squash  and  pumpkin  are  the  favorite  food  plants,  but  other  cucur- 
bits are  frequently  attacked.  Certain  varieties  of  squash  are  injured 
more  than  others. 

DESCEIPTION    AND    HABITS. 

Adult  Bugs. — Mature  squash  bugs  measure  about  five-eighths  of  an 
inch  in  length.  Their  shape  is  shown  in  Fig.  5.  The  color  is  dirty 
brownish  black  above  and  yellowish  beneath.  The  head  bears  two 
prominent  antennse  (feelers),  projecting  forward,  and  a  slender 
jointed  beak  that  lies  flat  against  the  body,  between  the  legs,  when 
not  in  use.  These  bugs  are  nocturnal  in  habit,  hiding  under  leaves 
or  other  shelter  during  the  day. 


Fig.  6.— Egg  Mass,  Oommon  Squash  Bug. 
(Magnified  2}  times.) 

Eggs. — These  are  quite  large,  about  one-sixteenth  inch  long,  oval 
in  shape,  bronzy-brown  in  color,  and  are  laid  at  night  in  irregular 
rows  on  the  underside  of  the  leaves  (Fig.  6).  Egg  clusters  contain 
from  a  few  to  forty  or  more,  frequently  arranged  in  the  angle  made 
by  two  prominent  veins  of  a  leaf.  Eggs  hatch  in  from  eight  to  thirteen 
days  into  small,  awkward  creatures,  called  nymphs. 
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Nymphs. — ^When  about  two  days  old  the  nymphs  are  green  and 
black  in  color,  with  long  legs  and  antennae.  At  this  age  they  feed  in 
groups,  on  the  underside  of  the  leaves,  where  they  are  readily  over- 
looked. As  they  increase  in  size  the  skin  is  molted  and  the  body 
gradually  changes,  wing  pads  appear,  and  finally,  after  the  fifth  molt, 
the  wings  are  fully  grown  and  the  bugs  mature.  In  the  meantime 
they  separate  and  wander  about  in  search  of  suitable  food.  The 
nymphs  feed  in  the  same  manner  as  the  adult  bugs.  A  dozen  of  them 
may  seriously  injure  a  small  squash  or  melon  plant  by  the  combined 
loss  of  sap  and  poison  injected. 

LIFE-HISTOBY. 

The  winter  season  is  passed  by  the  mature  bugs  in  hibernating 
quarters  under  rubbish  heaps,  boards,  fences,  or  other  shelter.  Thev 
often  wander  into  houses  in  the  late  fall,  seeking  a  place  to  hide  during 
winter.  The  survivors  appear  rather  late  the  following  spring,  feed 
for  a  time  and  then  lay  eggs  for  the  first  generation,  which  is  fol- 
lowed by  successive  generations  until  cold  weather  or  absence  of  food 
checks  further  development.  The  generations  overlap,  consequently 
eggs,  nymphs,  and  adults  occur  simultaneously  during  the  summer 
months. 

REMEDIAL    MEASURES. 

Ordinary  insecticides  are  of  little  value  against  squash  bugs. 
Arsenical  poisons  are  valueless,  and  contact  spray  mixtures  are  ef- 
fective only  against  the  young  soft-bodied  nymphs.  However^  the 
bugs  may  be  fought  quite  successfully  by  some  one  or  more  of  the 
following  methods : 

Hand  Picking, — The  first  bugs  appearing  in  spring  should  be  col- 
lected by  hand  in  order  to  prevent  egg-laying.  Later  on,  both  adults 
and  egg  masses  should  be  gathered  and  destroyed,  or,  if  the  eggs  have 
hatched,  the  groups  of  young  nymphs  may  be  easily  crush^.  To 
facilitate  catching  the  adult  bugs,  shingles,  large  cabbage  leaves,  or 
something  of  the  kind,  may  be  laid  around  the  cucurbit  plants,  as 
many  will  take  refuge  under  such  shelter  during  the  daytime.  Eggs 
and  nymphs  will  be  found  on  the  underside  of  the  growing  leaves. 
Hand  picking  is  profitable  all  summer  if  the  bugs  persist,  but  by 
thorough  work  most  of  the  first  generation  may  be  destroyed,  thus 
avoiding  further  injury. 

Clean  Culture, — Burning  or  composting  remnants  of  cucurbit 
plants,  together  with  all  rubbish  about  gardens  and  fields,  both  after 
the  crop  is  gathered  and  during  late  fall  or  winter,  will  aid  materially 
toward  preventing  the  adult  bugs  hibernating  successfully.  This 
practice  is  equally  valuable  for  checking  the  increase  of  many  other 
injurious  insects.  ^  , 
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HORNED  SQUASH  BUG. 

{Anasa  armiger,  Say.) 

In  the  vicinity  of  Raleigh  the  writer  has  found  the  horned  squash 

bug  nearly  as  common  and  abundant  as 

the  so-called  common  form.     It  is  prob- 
able  that   most   farmers   do   not   distin- 
y — ■    i\/^""        ^^        guish  between  the  two  species,  for  they 
\U  closely  resemble  each  other.    The  homed 
^^^^  squash    bug    (Fig.    7)    may    be    distin- 
^^^V                    guished  by  its  having  a  shorter  and  wider 
^^^H  thorax,  having  the  terminal  segment  of 
J^^^^^^  ^^^  antennae  yellow,  and  by  the  presence 
/^^^Hf^  of  a  short  stout  spine  in  front  of  each 
\^^^^P''^  eye.     A  similar  spine  occurs  near  the 
^VH^  tip    of    each    femur.      In    habits,    size, 
l^^  color  and  life-history  it  does  not  differ 
I    materially    from    the    common    squash 


Fig.  y.—Homed  Squash  Bug. 
Adult.     (Magnified  2i  times.) 


bug. 


Remedial  measures,  such  as  hand 
picking  and  cultural  methods,  directed 
against  the  common  squash  bug,  will  naturally  include  this  species 
also. 

BANDED  LEAF-FOOTED  PLANT  BUG. 

{Leptoglossus  phyllopus.  Say.) 

This  conspicuous  plant  bug  has  been  collected  and  observed  on 
cucurbits  and  other  plants  in  the  fields  around  Raleigh,  and  should 
be  classed  among  the  insects  liable  to  become  injurious  in  certain 
seasons.  It  is  a  sucking  bug  belonging  to  the  same  family  as  the 
squash  bug,  and  is  capable  of  inflicting  similar  injury  to  cucurbits. 
Several  instances  of  its  injury  to  melons  have  been  reported.  In 
1898  it  damaged  watermelons  at  Seabrook,  S.  C,  by  sucking  the 
stems  close  to  the  melons,  as  reported  by  Chittenden.^  Quaintance* 
reported  its  damage  in  Florida,  and  stated  that  it  is  the  cause  of 
serious  trouble,  by  puncturing  the  stems  of  (melon)  plants  and  suck- 
ing their  sap,  causing  them  to  wilt,  and,  not  infrequently,  bringing 
about  their  death. 

This  species  is  distributed  over  all  the  Gulf  States  and  many  of 
the  neighboring  States.  In  Korth  Carolina  it  is  quite  abundant  in 
some  sections. 


'U.  S.  Dept.  Agr..  Bur.  Ent.,  Bui.  19.  n.  8. 
■  Fls.  Sts..  Bui.  34. 
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DESCRIPTION. 


Fig.  8  shows  the  general  shape  and  appearance,  easily  recognizable 
by  the  greatly  flattened  and  toothed  hind  tibia,  which  has  given  them 
the  name  leaf -footed.  They  are  nearly  three-fourths  of  an  inch 
long.     A  narrow  light-yellow  band  extends  across  the  middle  of  the 


Fig.  8.— Banded  Leaf-footed  Plant  Bug. 
(Twice  natural  size.) 

wing  covers,  and  a  similar  colored  spot  occurs  on  the  inner  margin  of 
each  flattened  tibia.  The  general  color  is  chestnut  brown,  except 
the  overlapping  portion  of  the  wing  covers,  which  appear  darker.  The 
adult  bugs  are  active,  and,  when  disturbed,  fly  quickly,  with  a  loud 
buzzing  noise. 

REMEDIES. 

In  case  these  bugs  should  become  abundant,  they  might  be  con- 
trolled by  hand  picking  during  the  early  morning  hours  or  about  sun- 
down, for  at  such  times  they  are  less  active  than  during  the  heat  of  the 
day.  It  has  been  suggested  that  the  young  nymphs  may  be  killed 
with  kerosene  emulsion. 

The  yellow  thistle  {Carduus  spinossissimus)  is  their  normal  food 
plant,  which  suggests  the  advisability  of  keeping  these  plants  cut 
down  around  gardens  or  fields  where  cucurbits  are  grown,  or  leaving 
only  a  few  plants  to  serve  as  traps  on  which  the  bugs  may  be  killed 
by  spraying  or  hand  picking. 

NORTHERN    LEAF-FOOTED   PLANT   Bud. 

{Leptoglossus  oppositus.  Say.) 

This  species,  closely  related  to  the  one  already  described,  has  been 
reported  as  damaging  melons  in  Maryland  and  the  District  of 
Columbia,  and  occurs  in  many  of  the  Southern  States,  including 
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Xorth  Carolina.  The  writer  has  found  them  on  many  different 
plants,  corroborating  previous  reports  of  their  onmivorous  feeding 
habits. 

Compared  with  the  squash  bug,  this  plant  bug  (Fig.  9)  is  more 
slender  in  form,  chocolate  brown  in  color,  and  distinguished  at  once 
by  the  flattened  hind  tibia,  which,  together  with  the  wings,  bear 
certain  yellow  markings. 


Fig.  9.— Northern  Leaf-footed  Plant  Bug. 
(Two  and  one-half  times  natural  size.) 

The  nymphs  are  described  as  being  bright  red  in  color,  with  the 
antenna?,  beak,  legs  and  tip  of  the  abdomen  black.  Erect  black 
spines  occur  on  the  back  and  shorter  spines  are  present  along  the 
edges  of  the  abdominal  segments. 

SQUASH  VINE  BORER. 

(Melittia  satyriniformis,  Hbn.) 

As  its  name  implies,  this  insect  lives  during  the  destructive  period 
of  its  life,  as  a  borer  in  the  main  stem  or  leaf  stalk,  but  prefers  to 
feed  in  the  woody  tissue  near  the  root.  The  damage  is  caused  by 
the  larvae,  which  are  white,  fleshy,  grublike  worms,  changing  eventu- 
ally to  moths  somewhat  resembling  wasps. 

Squash,  cimblins,  and  pumpkins  are  the  favorite  food  plants,  al- 
though other  cucurbits,  like  cucumbers  and  cantaloupes,  are  some- 
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times  attacked.  Chittenden  has  reported  it  as  occurring  on  the  wild 
cucumber  (Echincystis  lobata),  and  thinks  this  may  be  its  natural 
food  plant. 

Several  borers  may  occur  in  a  single  squash  plant,  and  their  pres- 
ence remain  unobserved  until  the  whole  plant  suddenly  withers  and 
dies,  seemingly  in  a  single  day.  The  reason  for  this  sudden  collapse 
is  because  the  borers,  feeding  in  the  main  stem,  eventually  girdle 
it  completely,  thereby  cutting  off  the  flow  of  sap  from  the  roots  to  the 
branches,  and  the  plant,  thus  suddenly  deprived  of  food,  rapidly 
withers  under  the  hot  July  or  August  sun.  If  such  plants  are  exam- 
ined, quantities  of  powdered,  yellowish  excrement  will  be  found 
around  the  stem,  having  been  forced  out  of  the  feeding  channels  mad*- 


Fig.  10.— Squash  Vine  Borer  Moth.     (Magnified  2i  times.) 

by  the  borers.  These  dying  plants  usually  contain  several  borers— 
a  dozen  or  more  is  not  an  unusual  number — for  plants  are  often  able 
to  survive  the  presence  of  only  three  or  four  unless  they  happen  to 
girdle  the  stem  near  the  roots.  Severe  injury  may  usually  be  pre- 
vented by  learning  to  recognize  the  first  sign  of  borers,  evidenced  by 
the  yellowish  excrement  around  the  stem,  and  removing  them  in  the 
manner  to  be  described  later. 

HISTORY    AND    DISTRIBUTIOX. 

The  first  description  of  this  insect  was  written  in  1825  by  Huebner. 
under  its  present  scientific  name.  Later,  in  1828,  it  was  redescribed 
by  Harris  under  the  name,  JEgens  cucurbitce,  and  still  later  West- 
wood  gave  it  the  name,  Trochilium  ceto;  but  of  recent  years  the 
name  MeliUia  satyriniformis  has  been  generally  accepted.  It  i" 
evident  that  this  insect  is  an  old  offender.     Its  distribution  now  ex- 
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tends  from  Canada  southward  to  the  Gulf  States,  and  to  the  West  at 
least  as  far  as  the  Rocky  Mountains.  It  also  occurs  in  Mexico,  Cen- 
tral and  South  America,  and  is  thought  to  be  of  tropical  origin. 

DESCEIPTION. 

Parent  Moths. — The  adult  or  parent  stage  is  a  handsome  moth  be- 
longing to  a  family  known  as  clear-winged  moths.  The  front  pair 
uf  wings  are  opaque,  olive  brown  in  color,  with  metallic  green  reflec- 
tions ;  the  hind  wings  are  clear  and  transparent,  with  black  veins  and 
a  wide  bronzy-green  fringe  of  hairs.  The  hind  pair  of  legs  bear  a 
heavy  fringe  of  hairs,  those  on  the  outer  edge  orange  or  reddish,  while 
the  inner  fringe  is  black.  The  abdomen  is  conspicuously  orange  or 
red,  with  black  or  bronze  markings.  Altogether,  these  moths  present 
a  striking  appearance.  (Fig.  10.)  The  males  measure  from  an  inch 
to  an  inch  and  a  quarter  across  the  expanded  front  wings;  the  fe- 
males average  a  little  larger,  some  having  a  wing  expanse  of  an  inch 
and  one-half.  They  are  readily  recognized  as  they  fly  about  squash 
plants  depositing  eggs  during  the  day,  and  may  be  easily  captured  in 
a  butterfly  net,  or  knocked  dovm  with  an  evergreen  brush  or  similar 
weapon. 

Eggs. — These  are  dull  reddish  brown  in  color,  oval,  about  one 
twenty-fifth  of  an  inch  in  length,  and,  when  magnified,  show  a  sur- 
face composed  of  many  five,  six,  or  seven-sided  areas.  The  eggs  are 
glued  to  the  plant  and  flattened  on  the  attached  side. 

Larvce. — ^Larvae  or  borers  are  robust,  white,  grublike  worms  (Fig. 
11),  with  the  body  distinctly  segmented.  Half-grovni  larvae  have 
been  described  as  having  a  jet-black  head,  with  the  first  segment  back 
of  the  head  also  black ;  full-grown  borers  have  a  comparatively  small 
brown  head,  well-developed  thoracic  legs,  next  the  head,  but  with  pro- 
legs  reduced  or  wanting.    Average  length  is  about  one  inch. 

Cocoons  and  Pupoe. — ^When  the  borers  are  fully  grown  they  desert 
their  feeding  burrows,  tunnel  an  inch  or  two  into  the  soil,  and  there 
construct  cocoons  in  which  they  transform  to  the  pupal  stage. 

The  cocoon,  composed  of  tough  silken  threads,  is  about  three- 
fourths  of  an  inch  long  (Figs.  11  and  12)  and  covered  with  bits  of 
sand  or  earth,  which  adhere  to  the  gummy  secretion  of  the  larva. 
This  makes  the  cocoon  resemble  the  soil  in  which  it  lies ;  but  when 
cleaned,  the  silken  structure  is  black  within  and  without. 

The  pupal  stage  is  shiny  mahogany  brown  in  color,  about  five- 
eighths  of  an  inch  long.  The  head  bears  a  hornlike  process,  by  means 
of  which  it  cuts  a  lid  in  the  end  of  the  cocoon  (Fig.  12)  and  the 
abdominal  spines  enable  it  to  squirm  out  and  work  a  passage  to  the 
surface  of  the  soil  before  transforming  to  the  adult  moth. 
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Fir,.  11.— Squash  Vine  Borers  Feeding  in  Squash  Stem. 
Cocoons  on  left.     (About  f  natural  size.) 
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LIFE-HISTOBY  AND  GENERATIONS. 

Squash  vine  borers  pass  the  winter  in  the  pupal  stage  in  the  soil. 
Parent  moths,  commencing  to  emerge  during  late  April  or  early  May, 
soon  mate  and  lay  eggs  on  all  parts  of  the  plants,  but  chiefly  on  the 
main  stems.  As  many  as  two  hundred  and  twelve  eggs  may  be  laid 
by  one  female,  according  to  Smith  of  New  Jersey;  but  this  is  an 
unusual  number.  Eggs  hatch  in  from  six  to  fifteen  days,  usually 
nearer  the  former,  and  larvse  attain  full  growth  in  about  one  month. 
During  this  period  they  excavate  long  cavities  in  the  stems,  some 
borers  working  near  the  roots,  while  others  locate  in  the  base  of  the 
leaf  stalks  or  other  woody  portions  of  the  vine.  Their  presence  is 
usually  evidenced  by  the  powdered,  yellowish  excrement  forced  out 
of  the  feeding -cavities. 


Fig.  12.— Squash  Vine  Borer  Cocoon  with  Empty 

Pupal  Shell  Showing  How  Moth  Escapes. 

(Masnifled  2i  times.) 

The  cocoons  are  formed  in  the  soil  an  inch  or  two  below  the  surface, 
near  infested  plants.  The  pupal  stage  lasts  from  two  to  three  weeks, 
or  all  winter,  depending  on  the  generation  it  represents.  The  writer 
made  observations  in  Georgia  in  1905,  and  found  that  adults  of  the 
first  generation  emerged  the  latter  part  of  June.  At  Raleigh  adults 
were  reared  on  July  20,  1909,  developing  from  full-grown  worms 
collected  July  2.  Three  days  later,  on  the  5th,  cocoons  were  collected 
underneath  summer  squash  plants  in  the  field;  but  at  that  date  no 
moths  had  emerged.  Evidently,  the  first  generation  becomes  mature 
about  the  middle  of  July,  in  the  vicinity  of  Ealeigh^ti2gdby>^uuyit: 
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The  entire  life  cycle  covers  nearly  two  months,  allowing  one  week 
for  eggs  to  hatch,  four  weeks  for  larval  development  and  three  weeks 
for  the  pupal  stage. 

The  second  generation  occurs  mainly  during  August  and  Septem- 
ber. After  this  the  food  supply  is  largely  exhausted.  Chittenden  re 
ports  finding  larvae  in  the  vicinity  of  Washington,  D.  C,  during 
November,  and  states  that  these  represent  the  second  generation, 
which  sometimes  pass  the  winter  as  larvae,  completing  their  growth 
and  transformations  the  following  spring.  The  writer  believes  that 
there' are  only  two  generations,  ordinarily,  in  North  Carolina,  and 
that  the  insects  pass  the  winter  in  the  pupal  stage. 

EEMEDIAL    MEASUEES. 

Cultural  Methods. — Clean  farming  methods,  such  as  the  most  suc- 
cessful farmers  are  accustomed  to  practice,  involving  the  prompt  re- 
moval and  destruction  of  squash,  cantaloupe  and  other  cucurbit  cp^pj^ 
when  their  yielding  season  is  past,  serve  in  a  large  measure  to  reduce 
the  annual  injury  from  squash  vine  borers,  and  also  other  insects. 

These  crops  are  generally  worthless  after  July  or  August,  par- 
ticularly when  borers  are  numerous ;  so  that,  by  pulling  and  burning, 
or  composting  infested  plants,  hundreds  of  borers  in  the  stems  or  fruit 
may  be  killed. 

The  compost  heap  furnishes,  in  the  writer's  opinion,  a  valuable 
method  of  disposing  of  remnants  of  garden  or  field  crops,  as  it  pro- 
duces a  manure  that  most  soils  require.  As  a  means  for  destroying 
insects  like  squash  vine  borers,  melon  worms  and  others,  the  com- 
post heap  may  prove  as  effective  as  fire  if  the  infested  material  is 
packed  down  and  covered  with  earth,  or  decomposed  compost,  in  order 
that  the  heat  generated  in  the  pile  may  destroy  the  larvae  and  pupa* 
or  imprison  the  adults  which  sometimes  emerge  from  their  cocoon?  a 
few  days  after  the  material  is  piled.  Many  moths  may  mature  and 
escape  from  cucurbit  plants  which  are  gathered  and  dumped  loosely 
in  a  pile.  It  is  safest  to  bum  this  material  and  thus  lose  most  of  it-= 
fertilizing  value,  unless  it  is  worked  into  compost  as  suggested.  Dis- 
eased vines  should  always  be  burned. 

Late  fall  and  early  winter  plowing  serves  to  bury  over-winterinir 
pupae  so  deep  that  the  emerging  moths  cannot  escape,  or  exposes  the 
pupse  so  that  some  die  from  unfavorable  weather  conditions  and  other'^ 
fall  prey  to  birds  and  fowls.  One  objection  often  raised  to  fall 
plowing  is  that  land  should  not  remain  bare  all  winter ;  but  that  con- 
dition may  be  avoided  by  sowing  some  cover  crop  like  crimson  clover, 
vetch,  winter  rye,  or  winter  oats,  which  puts  the  land  in  better  condi- 
tion than  it  would  be  otherwise. 
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Deep  spring  plowing  of  gardens  or  fields  where  cucurbits  have 
grown  is  advisable,  when  such  land  has  been  left  untouched  all  winter. 
This  serves  to  bury  the  pupae  so  deep  that  they  cannot  work  their 
^va J  to  the  surface.  Shallow  plowing,  only  three  or  four  inches  deep, 
Joes  not  answer  this  purpose. 

Rotation  of  crops  is  of  some  value.  It  is  not  advisable  to  plant 
cucurbits  on  land  that  has  borne  infested  plants  during  the  preceding 
sc^ason. 

Hemove  Borers. — Squash  vine  borers  may  be  detected  by  the  ac- 
cumulations of  yellowish  excrement  on  or  around  the  stems  of  in- 
fested plants.  During  June  this  is  often  quite  noticeable,  and,  when 
detected,  the  borers  should  be  searched  for  and  removed.  The  stems 
may  be  cut  and  split  longitudinally  without  much  injury,  and  after 
the  borers  are  removed  the  wounds  may  be  covered  with  earth  to 
facilitate  healing.  Every  borer  removed  and 'killed  before  the  last 
of  June  means  one  moth  less  to  lay  eggs  for  the  more  destructive 
second  generation. 

Killing  the  Moths. — Since  the  moths  are  active  during  the  day- 
time and  quite  readily  recognized,  it  is  profitable  to  capture  them 
in  nets,  or  knock  them  down  as  they  fly  about  busily  engaged  in  de- 
positing eggs. 

MELON  WORMS. 

Annual  injury  to  cantaloupes,  cucumbers,  squash,  and  other  cucur- 
bits to  some  extent,  is  caused  by  worms  that  bore  holes  in  the  young 
or  maturing  fruit,  feed  on  the  buds,  blooms  and  foliage,  and  even 
burrow  in  the  vines  when  blooms  and  fruit  become  scarce.  Such 
damage  throughout  North  Carolina  is  caused  by  two  species,  one 
generally  known  as  the  pickle  worm  and  the  other  called  the  melon 
worm.  They  differ  in  appearance  and  habits,  but  in  many  respects 
their  work  is  so  much  the  same  that  farmers  do  not,  as  a  rule,  dis- 
tinguish one  from  the  other.  During  some  seasons  the  pickle  worms 
may  be  more  abundant  than  the  melon  worms,  or  vice  versa.  At 
any  rate,  it  seems  best  to  mention  them  separately. 

PICKLE  WORM. 

(Margaronia  nitidalis,  Cramer.) 

Other  names,  such  as  cantaloupe  worm  and  melon  worm,  may  be 
equally  appropriate:  but  since  the  term  pickle  worm  was  first  used 
for  this  species,  the  writer  will  consider  it  as  such.  Besides,  the  term 
melon  worm  is  now  applied  to  a  closely  related  form. 

DESCRIPTION    AND    HABITS. 

Parent  Moths. — The  parent  of  the  pickle  worm  is  a  night-flying 
moth  of  rather  distinctive  appearance  (Fig.  13).  The  general  color, 
viewed  from  above,  is  yellowish  brown.     The  front  ^ip&^^KflT^-^ 
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yellowish,  semi-hyaline  spot  near  the  centeir,  and  the  hind  wings  have 
the  inner  two-thirds  of  the  same  appearance.  The  abdomen  termi- 
nates in  a  large  movable  brush  composed  of  numerous  elongated 
scales.  Quaintance*  states  that  the  brush  of  the  female  moth  is 
smaller  and  the  individual  scales  flatter  and  more  curved  than  in  the 
male.  In  size  the  moths  have  a  wing  expanse  of  a  little  over  one  inch, 
while  the  body  averages  about  five-eighths  of  an  inch  from  the  tip 
of  the  head  to  the  end  of  the  brush.  The  shy,  retiring  habits  of 
these  moths  prevent  their  being  often  observed,  for  they  seldom 
fly  in  the  daytime,  unless  disturbed,  and  then  quickly  attempt  to  hide. 
In  this  respect  they  differ  from  the  melon  worm  moths,  which  are 
often  seen  flying  about  cucurbit  fields  during  August  or  Septem- 
.  ber. 


Fia.  W.— Pickle  Worm  Moth.     (Magnified  2}  times.) 

Eggs. — Freshly  laid  eggs  are  white,  but  soon  turn  yellowish,  as  the 
larvae  inside  develop.  They  may  be  laid  singly,  but  more  commonly 
in  clusters  of  from  three  to  eight,  on  bloom  buds,  leaf  stalks,  or 
leaves,  and  are  usually  attached  to  the  plant  hairs  in  such  a  manner 
that  the  egg  mass  seems  to  be  pierced  by  the  hair.  The  e^  hatch 
in  warm  weather  in  about  four  days. 

LarvcB. — Very  young  larvae  are  uniformly  yellowish  whit^,  but 
after  a  few  days  the  body  segments  show  transverse  rows  of  brown 
spots,  which  become  more  prominent  and  nearly  black  in  color 
before  the  fourth  molt  is  passed  (Fig.  14).  Larvae  molt  four  times 
before  attaining  full  growth,  and  their  distinctive  marking,  previous 
to  the  fourth  molt,  enables  one  to  separate  them  readily  from  the 
related  species  called  the  melon  worm.    After  the  fourth  molt  pickle 
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worms  become  greatly  changed  in  appearance  by  practically  losing 
the  transverse  blackish  spots.  Full-grown  worms  are  yellowish  or 
greenish  in  color,  depending  somewhat  on  the  food  supply.  Just  be- 
fore pupating  many  worms  assume  a  dull  copper  color  above,  al- 
though some  do  not  change.  Their  length  depends  entirely  on  whether 
they  are  crawling,  resting  or  contracted,  as  when  disturbed;  hence, 
this  measurement  may  vary  from  five-eighths  to  one  inch  and  a 
quarter.  Pickle  worms  feed  in  bud  clusters,  blooms  or  fruit  and 
often  in  the  vines,  but  seldom  feed,  like  melon  worms,  on  the  foliage. 


Fia.  14.— Pickle  Worms  and  Pupa.    Two  worms  on  left,  as  they  appear  before  fourth 

molt:  in  center,  worms  nearly  ready  to  pupate;  pupa  on  right. 

(Magnified  2i  times.) 

PupcB  and  Cocoons. — Pupse  are  nearly  three-fourths  of  an  inch 
long  and  are  of  a  shiny  brown  color  (Fig.  14).  The  head  end  is 
rather  blunt,  while  the  caudal  end  is  sharply  pointed  and  bears  a 
group  of  curled  spines  that  serve  to  hold  the  pupae  in  their  cocoons. 

The  cocoon  is  a  thin,  scanty  covering  of  white  silken  threads, 
spun  by  the  worm  in  a  fold  of  some  leaf  before  transforming  to  the 
pupal  stage.  They  are  generally  found  in  dead  or  dying  leaves 
near  the  ground,  or  lying  on  the  soil  under  the  infested  plants. 

LIFE-HISTORY. 

Winter  Stage. — Pickle  worms  pass  the  winter  in  the  pupal  stage, 
above  ground,  and  unprotected,  except  for  the  thin  cocoon  and  its  en- 
veloping leaf,  as  already  described,  or  such  vegetation  as  happens  to 
fall  over  and  around  them.  For  this  reason  the  practice  of  raking 
lip  and  burning  or  composting  remnants  of  infested  crops,  followed 
by  deep  plowing,  is  of  value. 
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Earliest  Appearance. — ^Fortunately  for  cucurbit  growers,  pickle 
worm  moths  do  not  emerge  from  the  over-wintering  pup»  until  late 
spring  or  early  summer,  thus  allowing  time  for  an  early  crop  to  ma- 
ture before  the  worms  become  troublesome.  Around  Ealeigh,  in 
1909,  the  first  generation  of  worms  matured  about  July  30,  showing 
that  the  moths  which  laid  eggs  must  have  been  present  in  June.  In 
eastern  North  Carolina,  where  pickle  worm  injury  commences  earlier 
than  it  does  here,  the  moths  must  appear  the  latter  part  of  May.  It 
is  thought  that  rainy  springs  bring  them  out  earlier. 

Life  Cycle. — The  average  time  required  for  the  full  development 
of  a  generation  in  the  vicinity  of  Raleigh  was  determined  by  the 
writer,  in  1909,  as  twenty-seven  to  twenty-eight  days.  This  record 
was  obtained  during  August  and  September.  Eggs  require  about 
.  four  days  to  hatch,  larvae  take  about  fifteen  days  to  mature,  and  the 
pupae  transform  to  moths  after  eight  or  nine  days.  This  represents 
the  normal  rate  of  development  for  warm  weather,  but  during  October 
and  November,  under  the  influence  of  cooler  weather  and  scarcity 
of  food,  the  growth  is  retarded. 

Oenerations, — During  favorable  seasons  four  or  five  generations 
may  develop,  provided  the  moths  appear  early  in  the  summer;  but  it 
is  doubtful  if  more  than  four  full  generations  occur  normally.  This 
point  could  not  be  accurately  ascertained  by  the  writer  last  season, 
and  has  not  as  yet  been  determined  by  any  investigator. 

REMEDIAL    MEASURES. 

Early  plantings  of  cantaloupes  and  cucumbers  may  escape  inj^y 
from  this  pest,  owing  to  the  late  appearance  of  the  moths,  as  already 
explained.  Little  complaint  is  heard  from  growers  who  raise  early 
crops  for  market,  but  when  the  harvest  comes  during  July  and  August 
serious  damage  may  be  expected.  No  absolute  remedy  is  bown; 
still,  a  large  proportion  of  the  annual  loss  may  be  prevented  by  ibe 
use  of  squash  as  a  trap  plant,  clean  culture  and  deep  plowing,  and 
possibly  by  poisons. 

Trap  Plants. — Pickle  worms  evince  a  decided  preference  for  the 
buds,  blooms  and  fruit  of  summer  squash.  The  egg-laying  moths  are 
evidently  attracted  by  the  large  plants  and  blooms,  which  afford 
abundant  food  for  the  worms.  A  single  squash  bloom  may  be  lu- 
habited  by  two  or  three  large  pickle  worms  (Fig.  15),  or  a  greater 
number  of  young  ones,  and  several  may  mature  in  a  small  squash. 
Their  partiality  to  squash  blooms  was  observed  in  Greorgia  durinir 
1898  by  Quaintance,"  who  at  that  time  strongly  reconamended  squash 
as  a  trap  plant,  and  later  published  records  of  a  field  experiment 
showing  that  an  acre  of  cantaloupes  were  almost  completely  pro- 
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tected  by  a  few  rows  of  summer  squash.  During  the  summer  of 
1909  the  writer  had  an  opportunity  to  verify  Quaintance's  recom- 
mendation, and  he  now  believes  that  this  practice  is  more  valuable 
than  any  other  single  remedial  measure. 

To  secure  the  best  results,  seed  should  be  planted  two  or  three  times 
at  intervals  of  about  three  weeks,  making  the  first  planting  in  time 
to  insure  having  the  squash  plants  blooming  freely  by  the  middle  or 
latter  part  of  June.     They  must  then  be  examined  frequently,  and, 


Fi6.  15.— Showing  How  Pickle  Worms  Feed  in  Squasli  Bloom. 
(Natural  size.) 


when  worms  are  discovered,  infested  blooms  and  fruit  should  be 
gathered  and  destroyed  at  least  once  a  week  to  prevent  the  larva? 
from  maturing,  thus  reducing  the  numbers  of  the  second  generation, 
while  protecting  the  main  crop  in  the  meantime.  Failure  to  collect 
the  worms  results  in  an  increase  of  the  second  and  third  generations; 
but  in  case  no  attempt  is  made  to  gather  them  their  presence  on  the 
squash  plants  shows  that  the  main  crop  of  cantaloupes  or  cucumbers 
is  being  protected. 
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Some  readers  may  believe  that  squash  and  cantaloupes  or  cucum- 
bers will  cross-pollinate,  thus  rendering  the  latter  of  poor  quality; 
but  this  is  seldom  true,  although  seed  for  the  following  year  should 
not  be  used  from  any  crop  grown  under  such  conditions. 

Destroying  Infested  Plants  and  Fruit. — AH  infested  fruit  should 
be  gathered  and  fed  to  hogs  or  otherwise  destroyed  to  kill  the  larvse 
within.  If  thrown  aside,  as  is  frequently  done,  the  worms  contained 
therein  may  mature  and  change  to  moths.  If  trap  plants  become 
very  badly  Infested  they  should  be  pulled  up  and  destroyed  by  com- 
posting ;  and  the  same  is  true  of  tie  main  crops. 

As  soon  as  a  cucurbit  crop  is  matured  and  gathered,  rake  up  and 
destroy  the  vines,  together  with  all  weeds  and  trash,  to  kill  the  larvae 
and  pupse  that  may  be  present.  The  compost  heap  referred  to  on 
page  28  is  strongly  advocated,  except  when  the  plants  have  been  at- 
tacked by  some  fungus  disease,  in  which  case  burning  would  be  better. 

Deep  Plowing  and  Rotation. — Turning  the  land  by  deep  plowing 
immediately  after  a  crop  is  gathered,  or  else  in  late  fall,  or  even  in 
spring,  will  serve  to  bury  some  of  the  pickle  worm  pupse  which  are 
left  on  the  land  and  would  otherwise  transform  to  moths. 

It  is  not  advisable  to  plant  cucurbits  on  land  which  has  borne  in- 
fested plants  the  previous  season^  although  the  pickle  worm  moths 
fly  for  considerable  distances,  rendering  rotation  by  no  means  a  cer- 
tain preventive  measure. 

Poisons. — Poisons  are  mentioned  last,  because,,  in  the  writer's  opin- 
ion, they  are  of  little  value  against  pickle  worms.  Poison  dusts  or 
sprays  applied  to  trap  plants,  or  even  the  main  crop,  may  serve  to 
catch  some  young  larvfe  that  feed  on  the  leaf  buds  or  unopened  blooms, 
esi>ecially  when  plants  are  badly  infested;  but  the  practice  cannot 
be  recommended,  except  when  melon  worms  are  present.  The  latter 
may  be  poisoned  because  of  their  habit  of  feeding  on  the  foliage, 
as  explained  in  the  following  pages. 

MELON  WORM. 

{Diaphania  hyalinata,  Linn.) 

During  the  season  of  1909  melon  worms  were  present,  in  the 
vicinity  of  Baleigh,  in  numbers  nearly  equaling  the  pickle  worms, 
but  appeared  too  late  to  injure  cantaloupes  that  matured  before  the 
middle  of  July.  During  September  and  October  they  were  abundant 
in  late  squash  and  cucumbers.  Concerning  the  usual  number  of 
melon  worms,  the  writer  has  no  data  to  serve  for  comparison  with  the 
pickle  worm  injury;  but  from  personal  observation  during  the  past 
two  summers,  he  believes  that  the  former  are  of  least  importance. 
However,  all  truckers  and  farmers  should  know  and  understand  the 
habits  of  both  species.  Melon  worms  are  considered  to  be  a  more 
strictly  Southern  form,  and  they  certainly  occur  in  greater  numbers 
in  Florida  and  Georgia  than  in  North  Carolina.       ^-^^-^^^^^^  by  ^^uuy  it: 
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DESCRIPTION    AND    HABITS. 

Parent  Moths. — Melon  worm  moths  are  beautiful  creatures,  which 
may  often  be  seen  flying  about  cucurbit  fields  during  the  late  fall 
months.  They  have  wings  of  a  pearly  white  color,  bordered  with 
brownish  black  (Fig.  17).  The  abdomen  is  also  pearly  white,  tiii^ 
with  brown  at  the  caudal  end,  which  terminates  in  a  large  movable 
brush  of  elongated  yellow  and  dark-brown  scales.  Nearly  all  the 
imderside  of  the  body,  including  the  legs,  is  of  the  same  color  as  the 
wings.  The  wings  expand  one  inch,  or  a  little  more.  The  moths 
although  shy  and  rapid  fliers,  are  frequently  seen  during  the  day- 
time. 


Fig.  17.— Melon  Worm  Moth.     (Magnified  2i  times.) 

Eggs. — These  are  pearly  white  in  color,  very*  small  in  size,  and 
are  laid  in  groups  of  from  two  to  six  or  more  on  the  stems,  leaves  and 
buds,  but  are  seldom  attached  to  the  plant  hairs,  like  the  eggs  of  the 
pickle  worm  moths.  The  eggs  vary  in  shape  by  being  crowded  against 
each  other,  usually  overlapping.  They  hatch  in  about  four  days  in 
warm  weather. 

Larvce. — Just  hatched  larvae  are  about  a  twenty-fifth  of  an  inch 
long,  with  a  pale  brown  head,  and  body  of  a  pale  yellow  color,  with 
no  distinct  markings.  At  about  three  days  of  age  the  skin  is  molteil 
for  the  first  time,  and  then  the  body  shows  two  faint  longitudinal 
sub-dorsal  white  stripes,  which  become  more  prominent  as  the  lanit' 
develop.  By  these  two  white  stripes  melon  worms  (Fig.  18)  may  be 
readily  distinguished  from  the  pickle  worms  until  they  are  nearly 
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grown.  After  the  fourth  molt,  but  not  until  two  or  three  days  before 
the  worms  transform  to  pupae,  these  white  stripes  nearly  disappear, 
after  which  melon  worms  do  not  diflfer  much  from  full-grown  pickle 
worms,  except  in  possessing  finer,  shorter  hairs  and  usually  a  more 
slender  body.  Full-grown  melon  worms  may  measure  an  inch  and  a 
quarter  when  crawling. 


a.  b. 

Fig.  18.— a,  Melon  Worm  Photographed  Alive  on  Piece  of  Cimblin;  b.  Pupa  Exposed 
on  Squash  I^af.     Notice  the  Thin  Silken  Web  or  Cocoon.     (Magnified  2i  tiroes.) 

These  worms  often  feed  for  their  entire  lifetime  on  the  foliage, 
remaining  on  the  underside  partially  concealed  by  thin  silken  webs. 
They  also  feed  in  the  terminal  bud  clusters,  and  bore  into  melons  and 
squash  like  the  pickle  worms.  The  habit  of  feeding  on  the  foliage 
makes  it  profitable  to  use  poison  sprays  as  a  remedy,  and  in  this 
respect  they  are  more  easily  controlled  than  pickle  worms. 

Cocoons  and  Pupce. — Melon  worms  spin  thin  silken  cocoons  in  the 
folded  edge  of  some  leaf,  like  the  pickle  worms,  but  differ  from  the 
latter  in  being  inclined  to  select  a  green  leaf  rather  than  a  dying  one. 
When  the  food  plants  are  nearly  defoliated  the  worms  crawl  to  nearby 
weeds  or  grass,  and  there  spin  cocoons  and  pupate. 

The  pupae  are  about  three-fourths  of  an  inch  long  and  bro^vii  in 
color  (Fig.  18).  Compared  with  the  pickle  worm  pup«?,jj^^j^gre 
rather  more  slender  and  have  a  more  sharply  pointed  head.  ^ 
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LIFE-HISTOEY. 

Winter  Stage. — The  winter  is  passed  in  the  pupal  stage  like  the 
pickle  worms,  and  under  practically  the  same  conditions.  Some  peo- 
ple think  that  the  moths  emerging  very  late  in  the  fall  may  live  over- 
winter, but  the  writer  doubts  if  this  ever  occurs  in  North  Carolina. 

Earliest  Appearance. — ^Moths  do  not  emerge  from  over-wintering 
pupae  until  June  or  July.  Around  Baleigh,  in  1909,  they  were  not 
observed  in  the  fields  until  about  August  first,  although  a  few  must 
have  been  present  fully  a  month  earlier,  because  nearly  mature  worms 
were  discovered  on  'August  5th.  Rainy  seasons  bring  the  moths  out 
eariy,  comparatively;  but,  ordinarily,  they  are  not  seen  before  the 
latter  part  of  June,  which  is  rather  later  than  the  first  appearance 
of  pickle  worm  moths. 

Life  Cycle. — The  average  life  cycle  from  egg  to  adult,  as  deter- 
mined by  the  writer  during  August  and  September,  1909,  was  prac- 
tically twenty-eight  days. .  It  was  found  that  eggs  hatch  in  four  days, 
and  larvae  mature  in  about  sixteen  days,  while  the  pupal  stage  lasts 
an  average  of  only  eight  days.  Thus  it  appears  that  pickle  worms  and 
melon  worms  develop  in  practically  the  same  time. 

Generations.— 1^0  accurate  record  is  available  concerning  the  num- 
ber of  generations,  although  there  must  be  four  each  seaspn  when  the 
moths  appear  as  early  as  June ;  but  during  some  seasons,  'particularly 
in  the  northern  and  western  sections  of  the  State,  the  fourth  genera- 
tion may  not  occur.  Fortunately  for  truck  growers,  a  crop  of  early 
cantaloupes,  squash  or  cucumbers  may  ordinarily  be  grown  before  th*^ 
worms  become  troublesome. 

REMEDIAL    MEASUEES. 

Because  of  feeding  freely  on  the  foliage,  melon  worms  may  be 
poisoned  with  arsenical  sprays,  and  the  additional  methods  su^ested 
for  controlling  pickle  worms  are  equally  applicable  to  this  species, 
with  the  exception  of  squash  blooms  as  a  trap.  Melon  worms  do  not 
prefer  squash  blooms,  although  sometimes  found  feeding  in  such  situa- 
tions; but  they  do  undoubtedly  love  to  feed  on  squash  foliage  and 
fruit,  so  that  when  this  plant  is  used  as  suggested  on  page  32,  t«^ 
trap  the  pickle  worms,  spraying  with  some  arsenical  mixture,  such 
as  three  pounds  of  arsenate  of  lead  or  one-half  pound  of  Paris  green 
in  fifty  gallons  of  water,  applied  especially  to  the  underside  of  the 
leaves,  will  serve  to  poison  melon  worms  which  are  present*  The 
trap  plants  are  thus  made  to  serve  a  double  purpose. 

Supplementing  the  poisoning  method,  the  complete  removal  and  de 
struction  of  badly  infested  trap  plants,  badly  infested  fruit  of  all 
cucurbits,  and  remnants  of  infested  crops,  together  with  the  practice 
of  deep  plowing  and  rotation,  should  suffice  to  prevent  serious  dam- 
age from  melon  worms. 
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INSECTS  AND  FUNGOUS  DISEASES  OF 
APPLE  AND  PEAR. 


By  R.  I.  Smith,  Entomologist  and  F.  L.  Stevens,  Pathologist. 


The  apple  orchard  industry  in  North  Carolina  is  increasing  yearly, 
and  will  continue  to  advance  if  those  who  are  now  engaged  in  the 
business  place  good  fruit  on  the  market.  Already  there  are  about 
one  million  apple  trees  in  the  State,  but  there  is  room  for  many 
times  that  number.  The  problem  of  securing  land  and  location  suit- 
able to  the  growth  of  apples,  is  of  course  the  first  consideration,  if 
profitable  crops  are  to  be  secured,  but  of  equally  great  importance 
is  the  matter  of  controlling  the  injurious  insect  pests  and  fungous 
diseases,  which  will  undoubtedly  appear  soon  after  the  trees  are 
planted.  An  annual  loss  of  from  ten  to  fifty  per  cent,  or  more,  in 
the  value  of  the  crop  or  the  condition  of  the  trees,  is  caused  by  insect 
pests  and  fungous  diseases,  where  trees  are  not  protected  by  spraying 
or  some  other  tested  preventive  measure,  when  with  proper  treat- 
ment the  loss  of  fruit  or  trees  may  be  reduced  to  a  small  percent. 

When  a  comparison  is  made  between  the  wormy,  scabby,  dis- 
figured, or  rotting  fruit  so  often  offered  for  sale,  and  the  beautiful 
specimens  free  from  worms  and  blemishes  which  are  seen  in  the 
best  markets  where  they  command  a  high  price,  the  difference  in 
price  alone  indicates  which  ones  are  profitable.  The  purchaser  does 
not  usually  realize  how  many  enemies  there  are  from  which  the 
fruit  grower  must  protect  his  apples  or  pears  while  growing,  but 
the  purchaser  can  and  does  appreciate  good,  sound,  healthy  fruit, 
and  is  willing  to  pay  a  good  price  for  it. 

The  successful  fruit  grower  should  study  and  become  acquainted 
with  the  orchard  pests,  which  are  discussed  in  this  bulletin.  After 
becoming  familiar  with  the  different  forms,  in  connection  with  their 
life  history  and  habits,  a  more  intimate  knowledge  will  come  easily 
through  experience  and  careful  observation. 

Among  the  insect  pests,  the  most  common  and  destructive  forms 
are:  the  scale  insects  which  occur  on  the  limbs;  the  borers  in  the 
roots,  trunk  or  limbs;  the  sucking  plant  lice  on  the  roots  or  foliage; 
and  the  worms  in  the  fruit.  In  addition  to  these  the  work  of  leaf- 
eating  caterpillars  and  curculio  should  be  mentioned. 

Fungous  diseases,  such  as  scab,"  ripe  rot,  rust,  leaf  spot,  hypochnose 
and  black  rot  are,  one  and  all,  to  be  expected  to  injure  the  fruit  or 
oven  to  totally  destroy  it.  Blight  which  is  caused  by  a  bacteria 
always  commands  a  portion  of  the  attention  of  the  fruit  grower. 

These  statements  about  orchard  pests  should  not  alarm  any  person 
who  is  thinking  of  planting  an  orchard,  for  even  though  all  the 
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common  pests  and  others  also,  have  to  be  fought  annually,  there  is 
good  profit  in  apple  or  pear  raising  for  the  grower  who  will  take 
proper  care  of  the  trees.  The  insects  and  diseases  render  constant 
attention  and  intelligent  management  necessary  for  profitable  fruit 
growing.  They  afford  opportunity  for  the  intelligent,  well-informed, 
vigilant  orchardist  to  produce  a  crop  of  high  market  value,  whili- 
they  destroy  the  crops  of  the  careless  and  ignorant. 

In  acquiring  a  knowledge  of  the  more  destructive  orchard  pests, 
with  reference  to  cause,  effect  and  remedial  measures,  the  fruit 
grower  will  learn  how  to  manage  and  prevent  more  than  one  troublt- 
at  a  time.  For  instance,  the  spraying  of  apple  trec^  with  lini* 
sulphur  wash  in  winter  is  a  means  of  killing  the  San  Jose  scale, 
and  also  serves  to  kill  the  spores  of  fungous  diseases  which  an'i 
living  over  winter  on  the  bark,  and  also  helps  to  control  some  insects 
besides  the  scale.  Spraying  in  spring,  just  after  the  blossoms  fall, 
with  Bordeaux  mixture  and  an  arsenical  poison  serves  to  lessen  the 
amount  of  wormy  fruit  as  well  as  the  scab,  rust  and  other  fruit  and 
leaf  diseases.  Spraying  in  the  summer  to  prevent  apple  rot  and 
scab,  serves  also  to  cover  the  foliage  with  poison  and  thus  kill  cater- 
pillars and  other  insects  that  cat  the  leaves. 

There  are  many  reasons,  therefore,  why  a  fruit  grower  should 
study  all  the  principal  orchard  pests,  rather  than  simply  to  learn 
how  the  San  Jose  scale,  or  apple  worm,  or  apple  scab,  may  be  con- 
trolled. He  should  know  how  much  real  benefit  results  from  careful 
spraying  and  other  preventive  measures.  It  is  usually  greater  than 
most  people  suppose,  and  may  mean  all  the  difference  between  gr>*>d 
profit  and  total  loss. 


Digitized  by  LjOOQIC 


INSECTS    AXD   FUNGOUS   DISEASES    OF   APPLE   A^D   PEAR.  45 

I.— INSECT  ENEMIES. 

By  R.  I.  Smith. 

APPLE  WOOLLY  APHIS. 

(Schizoni^ura  lanigera,  Hauss.) 

The  apple  woolly  aphids  occur  in  damaging  numbers  principally 
on  the  roots,  and  are  really  responsible  for  the  stunted,  unhealthy 
growth,  or  even  the  death  of  hundreds  of  apple  trees  each  year.  In 
spite  of  this  their  presence  often  remains  unnoticed  except  by 
orchardists  who  give  strict  attention  to  the  condition  of  their  trees. 
The  extent  of  the  damage  must  be  far  greater  than  is  commonly 
supposed,  when  the  number  of  infested  trees  in  nursery  blocks,  to- 
l^ether  with  those  in  both  young  and  older  orchards,  is  considered. 
Ill  short,  the  woolly  aphis  is  one  of  the  most  serious  of  apple  pests, 
ranking  with  the  San  Jose  scale  and  the  apple  worm. 

ORIGIN    AND  DISTRIBUTION. 

The  original  home  of  the  woolly  aphis  is  not  dtfinitely  known,  but 
they  now  occur  throughout  the  world.  In  Europe  the  insects  are 
known  as  the  American  blight  on  account  of  their  supposed  intro- 
duction on  nursery  stock  from  America.  In  the  former  country  they 
are  not  a  serious  enemy  to  the  roots  of  apple  trees,  but  cause  galls 
on  the  limbs  and  branches,  sometimes  so  extensive  as  to  kill  trees, 
while  in  North  Carolina  and  other  southern  states  their  injury  to 
the  roots  of  apple  trees  is  of  greatest  importance.  In  the  Northern 
States  the  aerial  form,  occurring  on  the  branches,  is  more  serious 
than  the  root  form. 

GENEILVL    DESCRIPTION    AND    INJURY. 

The  apple  woolly  aphis  belongs  to  a  family  of  insects  including  all 
the  so-called  plant  lice  which  infest  the  buds  and  leaves  of  trees  and 
plants  during  the  summer  months  (for  a  description  of  the  apple 
leaf  aphis  see  page  65),  but  diifer  from  most  species  in  appearance, 
by  secreting  from  their  bodies  a  white,  cottony  substance,  and  they 
occur  principally  on  the  roots  of  apple  trees.  There  is  an  aerial 
form  of  the  woolly  aphis  which  lives  during  late  summer  or  fall  on 
the  trunk,  limbs  or  branches,  feeding  usually  in  wounds  made  by 
pruning  and  in  cracks  and  bruised  places  on  the  bark.  Nearly  all 
apple  growers  have  seen  these  cottony  masses,  sometimes  very  small, 
Imt  often  extending  a  few  inches  along  a  crack,  or  wound  caused 
by  pruning  off  a  limb.  These  masses,  when  examined,  are  found 
to  contain  numbers  of  brownish  insects  of  various  sizes,  but  none 
larger  than  a  pin-head.  The  effect  on  the  plant  tissue  takes  the  form 
of  irregular  galls  which  eventually  become  dead  and  ,^]^jd.b/^4Jl^^l: 
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Fig.  1.— Woolly  aphis  galls  on  npple  roots;  speclmena  taken  from  a  tcn-j-car  old  tree. 
(About  one-half  natural  slse.) 
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this  occurs,  the  insects  migrate  to  other  wounds  or  extend  over  a 
^vide^  area. 

Of  much  greater  importance  than  the  aerial  form,  there  is  the  root 
inhabiting  form  of  woolly  aphis,  which,  by  their  feeding,  cause  ab- 
normal swellings  or  galls,  appearing  like  the  illustration  on  page  46, 
The  cottony  secretion  of  the  insects  living  on  the  roots  is  not  always 
as  white  as  it  appears  on  the  branches,  although  this  covering  is 
always  present  to  a  greater  or  less  extent. 

OUTWARD    APPEARANCE    OF    INFESTED    TREES. 

The  presence  of  woolly  aphids  on  the  roots  may  often  be  detected 
from  the  outward  appearance  of  the  trees.  If  badly  infested  they 
usually  present  a  sickly  appearance,  indicated  by  the  scanty  foliage 
of  a  yellowish  color  and  often  a  dwarfed  growth.  After  the  aphids 
have  been  present  for  two  or  three  years  the  roots  become  so  badly 
weakened  that  the  entire  tree  may  be  easily  loosened  and  pushed 
over ;  in  fact,  they  are  sometimes  blown  down  by  a  high  wind. 

The  colonies  of  the  aerial  form,  on  the  branches  during  summer j 
or  the  galled  areas  where  the  aphids  have  occurred,  are  easily  de- 
tected, and  may  be  taken  as  evidence  that  the  roots  are  infested. 

FEEDING   HABITS  AND  FORMATION    OF   GALLS. 

Similar  to  all  plant  lice  the  woolly  aphids  subsist  on  the  plant 
juices,  feeding  by  means  of  piercing  and  sucking  beaks.  Wherever 
they  feed  galls  of  greater  or  less  size  are  produced,  the  exact  reason 
for  which  is  not  fully  understood.  It  is  due  probably  to  some  poison 
injected  by  the  insects  into  the  tissue  of  the  plants. 

The  galls  formed  on  the  soft  root  tissue  are  large  abnormal  growths 
which  soon  commence  to  decay,  their  destruction  being  hastened  by 
the  entrance  of  fungi  and  bacteria.  As  the  roots  weaken  and  die 
the  aphids  die  also,  or  move  to  other  roots,  so  that  when  looking  the 
first  time,  for  signs  of  the  woolly  aphis,  one  may  find  badly  injured 
roots  from  which  the  insects  have  all  disappeared.  By  further  search 
live  aphids  may  usually  be  discovered  on  the  few  live  roots  remain- 
ing, or  on  close-by  trees.  The  continual  weakening  and  rotting  of 
infested  roots  is  what  renders  woolly  aphis  damage  so  disastrous. 
This  drain  on  the  vitality  of  the  trees  soon  results  in  the  char- 
acteristic, sickly  (Fig.  2),  dwarfed  appearance  as  already  explained. 

DESCKIPTION    OF    INSECTS. 

The  form  occurring  on  the  roots — frequently  called  the  apple  root 
lice— and  the  aerial  form,  do  not  diflFer  much  in  appearance.  In 
reality  they  are  of  the  same  species. 

The  individual  insects  are  reddish  brown  in  color,  but  vary  in 
size,  depending  on  their  age.    The  young  are  very  smajji^^  bv^liS^KP 
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Fia.  2.— Woolly  aphi.-j  Injury  to  crown  and  roots  of  apple  tree.  Enlarged  crown  may  be  parUaliy  rrona- 
gall.  Original  tree  was  twelve  years  old,  only  about  eight  feet  high,  showing  stunted  growth  dut 
to  woolly  aphis. 

apbids  are  about  oiie-teiith  inch  in  length.  A  good  idea  of  their 
appearance  may  be  obtained  by  breaking  through  the  cottony  cover- 
ing of  a  colony  above  ground  and  examining  the  aphids  with  a 
magnifying  glass.  Both  winged  and  wingless  individuals  may  then 
be  seen.  The  cottony  secretion  arises  from  the  abdomen  of  the  in- 
sects, serving  only  as  a  protection.  Its  white  color  serves  as  a  means 
of  locating  the  aphids,  particularly  the  aerial  colonies.  In  fact,  it 
is  believed  that  the  latter  are  beneficial,  rather  than  otherwise,  by 
serviijg  to  indicate  that  the  roots  of  the  trees  are  also  infested,  al- 
though woolly  aphids  sometimes  occur  on  the  branches  without  being, 
at  the  same  time,  on  the  roots. 

LIFE    HISTORY. 

To  understand  the  life  history  of  a  colony  of  woolly  aphids  for 
one  year,  it  is  best  to  first  consider  the  forms  occurring  on  the  rtx>t? 
in  mid-summer,  ilost  of  the  adults  are  wingless,  agamic  females, 
each  giving  birth  to  liviiig  young  at  the  rate  of  from  two  to  twenty  a 
day,  until  fully  one  hundred  are  born,  after  which  the  mothers  die. 
They  are  really  non-sexual,  and  their  off-spring  develop  within  eiirht 
to  ten   days   into  similar,   wingless,   non-sexual    (agamic)    females. 
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Th(  se  wingless  forms  are  most  abundant  during  the  summer.  Later 
in  the  season  some  winged  females  develop,  known  as  the  migratory 
form.  Some  of  them  now  desert  the  roots  and  fly  to  the  limbs  above, 
or  to  the  branches  of  other  trees,  to  start  new  colonies  which  are 
called  the  aerial  form.  These  winged  forms  also  give  birth  to  living 
young  which  differ  from  their  parents,  by  developing  into  true  males 
and  females.  After  mating,  each  female  deposits  one  large  egg  in 
a  crevice  of  the  bark,  where  it  remains  until  the  following  spring, 
when  it  hatches  and  develops  into  a  wingless  agamic  form  similar 
to  the  ones  in  the  colony  with  which  we  supposedly  started  the 
previous  year. 

Some  of  the  wingless  aphids  persist  on  the  roots  throughout  the 
year  in  this  state,  remaining  partially  dormant  during  winter  and 
resume  active  feeding  and  breeding  the  following  spring. 

Several  generations  occur  each  year  which  shows  the  necessity 
of  killing  the  aphids  during  the  spring  months,  for  othei'wise  they 
increase  to  injurious  numbers  during  summer  and  fall.  The  writer^s 
experiments  have  shown  that  kerosene  emulsion  is  a  preparation 
that  not  only  kills  the  aphids  present  at  the  time  of  treatment,  but 
acts  also  as  a  repellent  for  several  months,  thereby  furnishing  a 
nearly  perfect  remedy. 

REMEDIAL    MEASURES. 

Apple  woolly  aphids,  whether  occurring  on  the  roots  or  above 
ground,  are  fought  by  applying  some  mixture  which  has  a  corrosive, 
penetrating  or  suffocating  effect  on  the  soft  bodied  insects.  Kerosene 
emulsion  or  tobacco  (in  dry  form  or  as  a  decoction)  and  potash  or 
lye  soap  solutions  are  the  most  effective  for  this  piirpose. 

The  aerial  colonies  are  easily  destroyed  by  saturating  them  with 
twenty  per  cent  kerosene  emulsion  (see  formula  page  50)  or  with 
a  tobacco  wash  made  by  boiling  the  following  for  two  hours: 

Fresh  tobacco  stems  or  leaves 3  pounds. 

Water  (after  boiling  is  over)  to  make 5  gallons. 

This  wash  should  be  used  full  strength,  preferably  while  warm, 
and  may  be  applied  with  a  brush,  cloth,  or  spray  pump,  taking  the 
precaution  to  see  that  the  lice  under  their  cottony  covering  are 
actually  reached. 

Previous  to  the  year  1905  the  root  infesting  form  was  fought 
principally  by  applying  liberal  quantities  of  tobacco  dust  or  tobacco 
?teras  and  leaves,  depending  on  its  decomposing  and  ultimately 
leaching  through  the  soil  so  that  the  nicotine  might  kill  or  dirive 
away  the  insects.     This  method  is  still  in  use  in  many  places. 

A  number  of  experiments  were  made  by  the  writer  in  Georgia 
during  1905  and  1906,  to  test  the  relative  value  ^o|Jpjb|Cf 
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ments,  whale  oil  soap  solution,  tobacco  whale  oil  soap  solution, 
kainit  and  tobacco,  kainit  alone,  common  salt,  carbon  bisulphid,  and, 
particularly,  kerosene  emulsion  at  varying  percentages.  Those  ex- 
periments demonstrated  conclusively  that  kerosene  soap  emulsion, 
at  ten  and  fifteen  percent  strength  was  much  superior  to  all  other 
treatments.  During  June,  1909,  similar  experiments  were  made  on 
apple  trees  on  the  Station  farm  at  West  Raleigh,  when  the  superior 
value  of  kerosene  emulsion  was  again  demonstrated.  As  further 
proof  of  its  effectiveness  several  nurserymen  have  commeneeei  to 
use  it  extensively  for  controlling  the  woolly  aphis  on  their  young 
apple  tree  stock. 

KEROSENE  EMULSION  TREATMENT. 

Stock  Solution. 

Kerosene  (good  grade) 2  gallons. 

Common  laundry  soap  or  whale  oil  soap 1-2  pound. 

Water  (must  be  soft) 1  gallon. 

To  prepare:  Dissolve  the  soap  in  one  gallon  of  boiling  water,  then 
remove  it  from  the  fire  ard  add  two  gallons  of  kerosene  and  agitate 
the  mixture  violently  for  ten  to  fifteen  minutes.  As  the  kere)sene 
and  soap  solution  combine  a  smooth  creamy  emulsion  will  result. 
This  violent  churning  breaks  the  drops  of  kerosene  into  such  minute 
globules  that  the  soap  is  able  to  hold  them  in  suspension. 

A  perfect  emulsion  may  be  obtained  in  ten  minutes  by  using  a 
small  force  pump,  equipped  with  a  nozzle  having  one-eighth  inch 
discharge  and  pumping  the  mixture  back  into  itself  with  consider- 
able force.  Emulsion  properly  prepared  will  stand  several  weeks 
without  the  kerosene  rising  to  the  top.  When  diluted  it  requires 
frequent  stirring  to  keep  a  uniform  mixture. 

The  stock  solution  may  be  diluted  to  the  required  strength  by 
adding  amounts  of  water  as  follows : 

For  10  percent  emulsion  dilute  with  17  gallons  of  water. 
For  16  percent  emulsion  dilute  with  10  1-3  gallons  of  water. 
For  20  percent  emulsion  dilute  with  7  gallons  of  water. 

Application. — Fifteen  percent  emulsion  is  recommended  for  gen- 
eral use,  although  ten  percent  is  often  thoroughly  effective,  and  even 
thirty  percent  emulsion  did  not  injure  the  trees  in  the  writer's 
experiments. 

Early  spring,  after  the  apple  trees  commence  to  grow,  is  the  best 
time  to  apply  this  treatment,  for  two  reasons:  First,  because  it  is 
desirable  to  kill  the  woolly  aphis  at  that  time;  and,  second,  because 
while  the  trees  are  growing  vigorously  the  kerosene  will  not  cause 
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injury.  When  the  trees  are  dormant  there  may  be  danger  that  the 
kerosene  will  penetrate  and  injure  the  roots.  Growers  are  advised 
not  to  use  it  during  the  winter  or  late  fall. 

Prepare  the  trots  by  removing  the  surface  soil  from  around  the 
trunk,  to  a  distance  of  fifteen  inches  to  two  feet  or  more,  and  two  to 
three  inches  deep,  or  enough  to  partially  expose  the  infested  roots. 
Then  apply  fifteen  percent  emulsion  slowly  until  the  soil  is  soaked 
to  a  depth  of  about  three  inches.  The  amount  required  per  tree  will 
vary  from  one  to  three  gallons.  Over  four  gallons  have  been  applied, 
by  the  writer,  to  the  roots  of  a  tree  having  a  trunk  only  six  inches 
in  diameter,  without  any  sign  of  injury. 

After  treatment  at  once  replace  the  surface  soil. 

The  kerosene  will  reach  and  destroy  all  the  aphids  in  the  area 
treated,  and  the  odor,  lasting  for  two  or  three  months,  will  act  as  a 
repellent  against  re-infestation  by  aphids  from  surrounding  roots 
or  from  other  trees. 

This  treatment  should  be  given  while  the  soil  is  in  good  workable 
condition,  neither  too  wet  nor  too  dry. 

TOBACCO  AND  OTHER  TREATMENTS. 

Tobacco  dust,  applied  in  amounts  of  from  two  to  ten  pounds  per 
tree,  or  strong  tobacco  solution,  applied  in  the  manner  recommended 
for  kerosene  emulsion  treatment,  are  claimed  by  many  orchardists 
to  be  effective  and  to  have  the  advantage  of  being  a  fertilizer  also, 
but  the  writer  has  not  found  tobacco  in  any  form  equal  to  kerosene 
emulsion.  Kainit  or  salt  is  of  practically  no  value.  Potash  whale 
oil  soap,  or  tobacco  whale  oil  soap,  used  at  the  rate  of  two  pounds  to 
one  gallon  of  water,  in  quantities  of  one  to  three  gallons  per  tree,  is 
partially  effective,  but  very  expensive  and  not  equal  to  kerosene  emul- 
sion. Carbon  bi-sulphid  has  a  very  limited  value  because  it  can  not 
be  made  to  spread  through  the  soil  without  danger  of  injuring  the 
roots. 

TREATMENT   OF   NURSERY   STOCK. 

Nurserymen  may  treat  rows  of  apple  trees  by  applying  ten  percent 
kerosene  emulsion  in  a  shallow  furrow  opened  on  each  side,  using 
simply  enough  to  soak  around  the  infested  roots. 

Orchardists  who  purchase  nursery  stock  may  take  the  precaution 
to  dip  the  roots  in  fifteen  percent  emulsion  before  planting  to  kill  any 
woolly  aphis  which  may  be  present.  When  a  number  of  trees  are 
dipped  they  should  not  bo  piled  in  lar^e  heaps,  on  account  of  the 
danger  of  the  drip  from  the  upper  trees,  running  down  and  accumu- 
lating on  the  ones  below,  for  while  the  tiT(s  arc  dormant  there  is 
some  danger  of  kerosene  injury. 
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BOUND-HEADED  APPLE  TREE  BOBER. 

(Saperda  Candida,  Say.) 

Burrowing  in  the  sapwood,  and  to  some  extent  into  the  heartwood 
of  apple  trees,  at,  or  near  the  surface  of  the  soil,  the  round-headed 
borers  sometimes  cause  severe  injury  before  their  presence  is  dis- 
covered. Young  orchard  trees  and  nursery  stock  are  most  commonlv 
injured  because  the  channels  made  by  the  borers  cause  a  partial 
girdling  eifect.  Two  or  three  borers  may  kill  a  young  tree  while  in 
older  trees  they  may  occur  without  causing  serious  injury. 

The  round-headed  apple  tree  borers  are  quite  injurious  in  the 
mountain  section  of  North  Carolina,  but  seldomi  occur  in  the  central 
or  eastern  portions  of  the  State, 

The  presence  of  borers  is  evidenced  by  an  area  of  dried,  brown, 
shrunken  bark  from  which  the  sap  exudes  in  early  spring  and  saw- 
dust like  castings  escape  through  cracks  or  are  extruded  by  the  larva* 
from  openings  into  their  burrow^s.  Infested  trees  may  present  a 
dwarfed  appearance. 

Apple  and  quince  are  the  favorite  food  plants,  but  pear  is  some 
times  attacked.  Other  trees  that  serve  as  food  for  this  borer  are: 
crab  apple,  thorns,  mountain  ash,  choke  berry,  and  June  berry.  Such 
trees  should  not  be  allowed  to  stand  around  apple  orchards. 

DESCRIPTION    AND   LIFE    HISTORY. 

The  parent  form  is  a  beautiful  beetle  about  three-fourths  of  an 
inch  in  length.     The  body  is  pale  brownish  yellow  above  with  two 


Fig.  3. — Parent  beetle  of  round-headed  apple  tree  borer. 
(About  twice  natural  slse.) 

creamy  white  stripes  extending  the  entire  length  of  the  body,  includ- 
ing the  head  (Fig.  3).  The  beetles  are  nocturnal  in  habit.  Thev 
appear  during  May  or  June  and  deposit  eggs  in  cracks  in  the  bark 
j:ear  the  ground  or  on  the  trunk  and  main  limbs. 
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The  eggs  hatch  within  two  weeks  into  minute  borers  which  imme- 
diately gnaw  through  the  bark  and  commence  to  feed  on  the  sapwood. 

Borers  are  fleshy,  somewhat  grub-like,  light  yellow  in  color  and 
cylindrical,  with  a  dark  colored  head,  not  much  wider  than  the  body. 
The  name,  round-headed  borer,  is  given  to  contrast  this  species  with 
one  closely  related,  in  feeding  habitg,  but  possessing  a  wide,  flattened 
head. 

For  the  first  season  the  round-headed  borers  confine  their  attack 
to  the  sapwood,  making  disc-shaped  burrows  which  may  reach  the  size 
of  a  silver  dollar.  At  the  approach  of  winter,  the  borers,  as  yet  only 
partly  grown,  go  to  the  lowest  part  of  their  burrow,  and  there  remain 
quietly  until  the  following  spring,  when  feeding  again  commences. 
They  then  enlarge  their  burrows,  extending  them  partly  into  the  sap- 
wood,  and  sometimes  nearly  girdle  small  trees.  The  second  winter 
is  also  passed  in  the  burrow.  The  third  year  of  the  borer's  life  finds 
lh(*m  going  deeper  into  the  heart-wood,  where,  before  late  fall,  they 
attain  full  growth,  and  then,  with  heads  pointing  toward  the  bark, 
transform  to  pupae  and  remain  so  until  spring.  During  May  or 
June  the  pupae  change  to  beetles,  which  cut  their  way  out  and  lay 
eggs  for  another  generation. 

The  entire  life  of  this  borer  covers  nearly  three  years,  most  of  that 
time  being  spent  in  the  larval  stage. 

METHODS  OF  CONTEOL. 

The  knife  is  the  only  certain  remedy  when  borers  are  discovered 
in  an  apple  tree.  Cutting  them  out  of  the  sapwood  may  be  accom- 
plished with  rapidity  and  with  only  slight  additional  injury  to  the 
trees.  Since  it  is  known  that  the  first  season  of  this  borer's  life  is 
passed  in  a  small  area  of  sapwood,  and  that  the  second  year  also  is 
passed  in  comparatively  shallow  burrows,  it  is  evident  that  careful 
annual  inspection  of  trees  and  prompt  removal  of  the  borers  discov- 
ered, will  prevent  serious  injury. 

Four  or  five  borers  often  occur  in  one  tree,  some  at  times  being 
located  under  the  bark  beneath  the  surface  of  the  soil;  hence  when 
making  a  search  for  them  the  soil  should  first  be  pulled  away. 
Round  smooth  holes,  extending  into  the  heart  wood,  indicate  that 
the  adult  beetles  have  escaped,  and  when  such  are  found  open  to  the 
surface  they  may  be  disregarded,  but  if  discovered  underneath  the 
dying  bark  it  means  that  the  full  grown  borer  or  pupa  is  present 
and  can  best  be  reached  and  killed  by  inserting  a  stiif  wire. 

Aside  from  the  knife  remedy,  a  preventive  measure  is  sometimes 
adopted  to  keep  the  beetles  from  laying  eggs  on  apple  trees.  This 
consists  of  applying  to  the  trunk  and  main  limbs  a  coating  like 
whitewash,  lime-sulphur  wash,  (see  page  61),  or  a  thick  alkili  soap 
solution;    (Formula,  page  57);  or  wrap  the  trees  to  a  height  of 
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eighteen  inches  with  thick  brown  paper  or  newspaper,  tied  firmly  at 
the  top  and  dirt  piled  around  the  lower  edge,  and  a  deterrent  wash 
applied  above  this  protection.  Trees  should  be  covered  in  this  man- 
ner from  May  1  until  August,  and,  when  bands  are  used,  they  should 
be  removed  about  September  1  and  the  trunk  thoroughly  scraped 
and  wormed  to  remove  any  young  borers  which  may  have  attempted 
to  gain  entrance. 

It  has  been  reported  that  the  borers  in  their  channels  are  killed 
by  applying  kerosene  freely  wherever  their  castings  protrude  through 
the  bark.  However,  when  an  apple  grower  sees  this  indication  of 
borers  it  would  seem  much  safer  and  almost  as  easy  to  use  a  sharp 
knife  and  remove  them  at  once,  to  be  certain  of  victory. 

FLAT-HEADED  APPLE  TBEE  BOBER. 

(Chrysohothris  femorata,  Fab.) 

Compared  with  the  round-headed  borer,  this  species  is  of  less  im- 
portance, although  often  more  numerous.  They  prefer  to  work  in 
diseased  or  dying  trees,  but  undoubtedly  hasten  or  cause  the  death 
of  trees  injured  by  other  insects,  or  affected  by  some  fungous  dis- 
ease. However,  they  do  not  hesitate  to  attack  apparently  sound 
trees,  and  especially  ones  that  have  been  recently  transplanted,  either 
in  the  nursery  or  orchard.  Damage  is  caused  by  the  borers  making 
shallow  burrows  in  the  sapwood,  similar  to  those  made  by  the  round- 
headed  borer  during  its  first  season.  The  location  of  the  burrows 
may  be  detected  by  the  discolored,  dried  bark,  which  is  often  cracked 
and  shrunken  in  appearance. 

Flat  headed  borers  enjoy  a  wide  range  of  food  plants,  including 
apple,  plum,  pear,  peach,  oak,  maple,  hickory,  chestnut,  linden,  wil- 
low and  others.    Besides,. they  also  breed  in  newly  cut  timber. 


Fig.  4. — Parent  beetle  of  flat-Iipaded  apple- tree  borer. 
(About  one  and  one-third  natural  size.) 

DESCRIPTION    AND    LIFE    HISTORY. 

The  parent  form  is  a  beetle  about  one-half  inch  in  length,  with  a 
flattened,  oblong  body,  tapering  toward  the  posterior  end  (Fig.  4). 
The  color  above  is  greenish  black  with  bronzy  reflections  while  the 
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legs  shine  like  burnished  gold;  tbe  feet  are  shining  green.  These 
beetles  commence  to  appear  during  May  and  persist  for  several 
months ;  they  love  the  sunshine  and  may  sometimes  be  seen  running 
up  and  down  the  tree  trunks. 

The  larval,  or  borer  stage,  when  fully  grown,  is  a  worm  nearly 
one  inch  long,  lying  normally  in  a  curved  position  with  the  tip  of 
the  body  close  to  the  head.  The  segment  of  the  body  just  behind 
the  true  head  is  much  flattened  and  expanded,  giving  the  appearance 
of  a  large  flattened  head,  from  which  the  name  has  been  adopted. 
The  feeding  burrows  never  extend  far  into  the  heartwood,  but  arc 
usually  broad,  shallow,  irregular  channels  under  the  bark. 

Concerning  their  life  history,  flat-headed  borers  reach  maturity 
in  one  season,  usually  passing  the  winter  in  their  burrows  in  the 
pupal  condition.  The  parent  beetles  may  be  depositing  eggs  from 
May  to  August. 

CONTROL   MEASURES. 

Apple  growers  should  learn  to  detect  the  burrows  made  by  both 
the  flat-headed  and  the  round-headed  borers,  and  adopt  the  knife 
remedy  when  necessary.  All  statements  regarding  preventive  meas- 
ures given  for  the  control  of  round-headed  borers  apply  equally 
well  to  this  species,  except  when  using  deterrent  washes,  it  must  be 
applied  to  all  the  largest  limbs  as  well  as  the  trunks  of  the  trees. 

Dead,  dying  or  diseased  trees,  which  may  serve  as  breeding  places 
for  the  borers,  should  be  promptly  burned,  together  with  prunings 
from  healthy  trees.  Such  practice  tends  also  to  prevent  the  increase 
of  shot-hole  borers. 

Orchards  located  near  forests  need  frequent  inspection,  in  order 
to  remove  borers  before  they  cause  severe  injury. 

SHOT-HOLE  BORER  OR  FRUIT-TREE  BARK-BEETLE. 

(Scolytus  rugulosus,  Eatz.) 

This  borer  belongs  among  a  class  with  the  flat-headed  apple-tree 
borer  because  of  being  partial  to  weakened  or  dying  trees,  but  never- 
theless it  is  an  orchard  pest  of  no  small  importance.  ,  Damage  to 
perfectly  healthy  trees  is  not  great,  but  in  every  orchard  there  occur 
some  trees  which  are  weakened  from  various  causes,  and  the  shot- 
hole  borers  may  hasten  or  cause  their  death. 

It  is  only  since  1877,  when  first  discovered  in  Xew  York  State, 
that  fruit  growers  have  known  of  this  pest.  Since  then  it  has  spread 
to  all  the  eastern  states  and  at  least  as  far  West  as  Kansas. 

In  addition  to  the  apple,  nearly  all  orchard  trees  serve  as  food, 
particularly  peach,  plum,  cherry,  apricot,  pear  and  quince.  Early 
writers  generally  voiced  the  opinion  that  the  shot-hole  borer  and  its 
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larvae  would  not  work  in  a  healthy  tree.  More  recent  observation^, 
however,  have  shown  that  trees,  to  all  outward  appearances,  per- 
fectly healthy  may  be  attached  and  weakened. 

DESCRIPTION    AND   LIFE    HISTORY. 

The  parent  beetles  are  cylindrical  in  shape,  very  small,  about  one- 
eighth  inch  in  length  and  only  about  one-third  as  broad.  They  are 
quite  uniformly  black  in  color. 

The  full  grown  borers  or  grubs  appear  larger  than  the  beetles, 
measuring  about  one-sixth  inch  in  length.  In  color  they  are  pinkish 
white  except  for  the  brown  head. 

The  winter  is  passed  in  the  grub  stage  in  shallow  channels  be- 
neath the  bark.  In  early  spring  the  parent  beetles  mature  and 
escape  through  small  round  holes  scarcely  one-sixteenth  inch  in 
diameter  (Fig.  5).     These  beetles  commence  to  bore  into  the  bark  at 


Fig.  5.— Shot-hole  borer.    Exit  holes  in  apple  twig.     (Ti^ice  natural  slae.) 

the  base  of  buds  or  lateral  spurs,  and  construct  an  egg  chamber,  some- 
times an  inch  or  more  in  length,  on  each  side  of  which  are  deposited 
the  eggs,  which  soon  hatch  into  minute  grubs  that  tunnel  out  at 
right  angles  to  the  main  egg  chamber.  The  grubs  seldom  make  deep 
channels,  but  feed  in  the  cambium  or  the  sapwood  just  beneath. 

Each  female  deposits  about  eighty  eggs,  hence  their  numbers  may 
increase  rapidly. 

Three  generations  are  likely  to  occur  each  year  in  this  State,  and 
when  one  considers  that  each  beetle  makes  a  hole  to  escape  and 
another  to  construct  an  egg  chamber,  besides  some  holes  made  by 
the  males  simply  for  feeding  purposes,  one  will  realize  how  soon  an 
infested  branch  may  look  as  though  the  bark  had  been  peppered  with 
very  fine  shot. 

REMEDIES. 

As  already  explained  these  insects  seem  to  prefer  to  breed  in  dyinp 
trees.  Herein  lies  the  clue  to  a  remedy,  or  more  correctly  speaking:, 
prevention.  All  dead  and  dying  trees,  broken  limbs,  and  brush  made 
by  pruniiig,  should  be  burned  during  winter  or  before  March  to 
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destroy  all  the  young  borers,  which  are  living  under  the  bark,  and 
would  otherwise  change  to  beetles  during  early  spring.  If  this 
advice  is  followed,  except  for  the  few  beetles  maturing  from  slightly 
infested  trees,  there  can  be  none  to  reinfest  the  orchard  the  follow- 
ing spring. 

The  practice  of  using  dead  trees  and  limbs  to  fill  gullies,  or  leaving 
them  in  piles  around  an  orchard  for  several  months  before  burning, 
can  not  be  too  strongly  discouraged.  In  other  words,  do  not  leave 
dead  wood  or  weakened  trees  in  which  the  shot-hole  borers  may  breed. 

Fertilizers  and'good  cultivation  will  assist  slightly  infested  trees 
to  recover,  after  the  attacked  portions  have  been  removed,  and  the 
same  is  true  for  trees  weakened  through  other  causes.  Healthy, 
rapid  growing  trees  are  better  able,  than  poorly  nourished,  slow  grow- 
ing ones  to  withstand  the  attack  of  this  or  other  insects. 

Young  grubs  under  the  bark  can  not  be  destroyed  by  any  known 
method  except  burning,  but  deterrent  and  poison  washes  have  been 
used  with  some  success,  to  prevent  the  parent  beetles  from  boring 
into  the  tree^s  to  deposit  eggs.  A  wash  that  has  been  used  in  the 
past  is  made  as  follows : 

DETERRENT   AND   POISON   WASH. 

Dissolve  as  much  common  washing  soda  as  possible  in  six  gal- 
lons of  water,  and  then  dissolve  one  gallon  of  ordinary  soft  soap 
ill  the  above  and  also  add  one  pint  of  crude  carbolic  acid  and  mix 
thoroughly.  To  this  add  two  pounds  of  lime  slacked  in  two  gallons 
of  water,  and  finally  add  one-half  pound  of  parts  green  or  one- 
fourth  pound  of  white  arsenic  and  mix  all  thoroughly. 

The  above  wash  will  poison  some  beetles  if  they  attempt  to  eat 
thirough  it.  The  trunk  and  large  limbs  of  trees  to  be  protected 
should  be  covered  from  the  middle  of  March  to  mid-summer,  requir- 
ing two  or  three  treatments.  In  general  orchard  practice  such  work 
will  hardly  be  profitable. 

Wherever  orchards  are  sprayed  with  lime-sulphur  wash  for  the 
San  Jose  scale,  it  is  probable  that  no  other  wash  will  be  needed  be- 
fore mid-summer,  or  at  least,  additional  treatment  would  not  be 
practical,  because  of  the  expense. 

APPLE  TWIG  BORER. 

(Aniphicerus  hicaudaius.  Say.) 

This  twig  borer  is  an  insect  of  small  importance  compared  to 
many  orchard  pests,  but  is  often  present  in  apple  orchards.  It  is  a 
cylindrical  beetle  about  one-third  of  an  inch  in  length,  of  a  chestnut 
brown  color  above,  and  black  beneath.  In  early  spring  they  bore 
into  the  small  branches  of  apple,  pear  and  cherry,  entering  just 
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above  a  bud  and  working  downward  in  the  pith,  evidently  for  both 
food  and  shelter.  Such  twigs  soon  wither  and  their  leaves  turn 
brown. 

The  beetles  do  not  remain  long  in  these  burrows,  but  leave  in  search 
of  grape  vines  or  green  brier,  where  their  eggs  are  laid  and  their 
young  reared,  in  the  dead  or  dying  shoots. 

Exemption  from  injury  by  the  twig  borer,  will  generally  be  se- 
cured when  all  neglected  vineyards,  wild  grapes  or  brier  thicket" 
are  not  allowed  to  remain  near  apple  orchards.  The  usual  practice 
of  pruning  apple  trees  to  remove  all  twigs  injured  by  variniL- 
agencies,  is  a  necessary  part  of  good  orchard  management  and  shoiiM 
not  be  neglected,  although  this  twig  borer  usually  deserts  its  burrow 
before  such  pruning  can  be  made. 

SAN  JOSE  SCALE. 

(Aspidiotus  pemiciosus.  Com.) 

The  San  Jose  scale  is  the  most  destructive  scale  insect  in  North 
Carolina.  A  great  deal  has  been  written  conce^rning  it,  but  in  spite 
of  this  some  orchardists  are  still  unacquainted  with  this  insect  and 
its  destructive  powers.  No  fruit  grower  can  afford  to  remain  in 
ignorance  of  its  appearance  and  remarkable  ability  to  spread  rapidh, 
nor  the  methods  by  which  it  may  be  controlled  should  it  appear. 
There  are  yet  in  North  Carolina  some  localities  where  the  San  Jose 
scale  has  not  become  established ;  but  such  places  are  not  numerous 
and  the  scale  has  appeared  or  will  eventually  occur  in  all  orchard?. 
This  insect  is  not  confined  to  the  principal  orchard  trees  like  peach, 
apple,  pear  and  plum,  but  thrives  on  a  great  variety  of  trees  ard 
shrubs,  including  currants,  roses,  mulberry,  osage  orange  and  others 
that  are  grown  in  every  locality.  Apple  and  pear  trees  withstand 
the  attack  of  the  San  Jose  scale  better  than  peach  and  plum,  but 
even  when  the  insects  are  not  sufficiently  abundant  to  injure  the 
trees  materially  they  may  mar  the  fruit  and  lessen  its  selling  value. 

The  name  San  Jose  comes  from  the  town  in  California  where 
this  insect  was  first  discovered  in  the  United  States  in  the  early 
seventies.  Subsequent  investigations  have  shown  that  its  original 
home  is  Northern  China. 

DESCRIPTION. 

The  true  appearance  of  the  San  Jose  scale  in  its  various  stages  can 
be  detected  only  by  the  aid  of  a  strong  magnifying  lens.  When  thn^ 
examined  much  variation  between  individuals  will  be  noticed. 

The  scale  of  a  full  grown  female  is  ashy  gray  in  color,  and  almost 
round  in  outline;  it  shows  in  the  center  of  the  upper  surface  a 
prominence  called  the  nipple  surrounded  by  a  darker  colored  ring 
(Fig.  6).     The  nipple  is  a  characteristic  of  all  scale  insects  belonging 
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Fig.  6.— Sao  Jose  scale,  on  apple  twigs:  (a,  one-fourth  natural  sise;  b,  enlarged  five  times). 
Notloe  circular  rings  Indicating  Individual  scales. 

to  the  same  family ;  it  is  formed  in  part  by  the  first  molt  or  cast  skin 
of  the  young  insect ;  the  subsequent  scale  formation  is  due  largely  to 
secretions  from  the  body  of  the  true  insect  beneath.  The  resulting 
scale  is  slightly  conical,  sloping  evenly  in  all  directions.  Mature 
scales  are  about  one-sixteenth  of  an  inch  in  diameter. 

The  above  is  a  description  of  the  outward  appearance  of  a  female 
scale  as  it  would  grow  under  perfect  conditions.  When  crowded  on 
a  branch  they  often  assume  widely  differing  shapes. 

The  hard  jrcale  conceals  the  body  of  the  true  insect.  By  using  a 
l)in  or  knife  point  the  scale  may  be  lifted,  revealing  the  orange  yellow 
bcidy  of  the  teniale. 

The  male  scale  differs  from  the  female  by  biding  smaller,  darker 
in  color  and  nearly  twice  as  long  as  its  width.  The  nipple  is  at 
one  end. 

VfMing  scales,  when  about  two  weeks  of  age,  are  almost  perfectly 
round,  nearly  jet  black,  and  show  a  prominent  nipple  surrounded 
bv  a  grayish  ring.  They  are  no  larger  than  a  pin  hole,  but  are 
easily  recognized  by  the  aid  of  a  magnifying  glass,  and  at  this  ago 
are  nadilv  distinguished  from  nearlv  all  other  scale  insects. 
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LIFE  HISTORY. 

Females  mature  at  about  five  weeks  of  age  and  soon  commence  to 
give  birth  to  living  young,  bringing  forth  two  hundred  to  thrtt* 
hundred  within  two  weeks,  and  then  die.  Eggs  are  never  depositetl 
by  this  species.  Young  crawling  insects  are  minute  in  size,  oval 
in  shape  and  of  a  bright  lemon  yellow  color.  They  crawl  about 
for  several  hours  in  s(  arch  of  a  suitable  place  to  commence  feediiiii 
by  inserting  their  thread-like  sucking  beak,  which  is  often  longer 
than  their  body.  After  once  commencing  to  feed  their  position  i^ 
never  changed,  except  in  the  case  of  the  male  which  eventually  be- 
comes a  tiny  fly  with  two  wings. 

At  the  age  of  twelve  days  the  first  molt  occurs  when  legs,  eyt^ 
and  antennai  disappear,  and  the  ins(cts  under  iheir  scale  covering: 
then  look  like  tiny  flattened  yellow  balls.  The  sexes  are  not  dis- 
tinguishable. Six  to  eight  days  later  a  second  molt  occurs,  and 
by  that  time  the  male  scale  has  commenced  to  assume  its  elongated 
shape  and  at  the  age  of  about  twenty-five  days  the  two-winged  insert 
escapes  from  under  its  scale  covering.  The  females  are  about 'five 
weeks  old  when  they  commence  to  bring  forth  crawling  young. 

WINTER   STATE   AND   IIOW    TO   DETECT   INFESTED   TRKES. 

Winter  is  passed  by  the  San  Jose  scale  as  half  grown  or  nearly 
mature  individuals.  Mature  males  and  females  pt^ish  from  ex- 
posure to  the  weather.  During  winter  a  badly  infested  tree  presents 
a  grey  appearance,  being  about  the  color  of  wet  ashes.  Old  dead 
scales  may  be  closely  packed  together  or  piled  on  top  of  one  another 
(Fig.  6).  Among  them  will  be  found  the  black,  circular,  half-grown 
scales  as  described  above.  The  greatest  number  of  live  scales  will  Ik* 
found  on  the  least  thickly  coated  portion  of  the  infested  limbs  and 
around  the  base  of  young  shoots  and  branches. 

A  characteristic  feature  of  the  San  Jose  scale  is  that  it  causes 
the  bark  to  turn  red,  especially  on  the  young  shoots  of  some  varietie>. 
Isolated  scales  may  cause  a  blotch,  in  diameter,  several  times  the 
size  of  the  scale  itself,  and  when  such  marks  are  found  with  the 
characteristic  round,  black  or  greyish  scale  in  the  center,  it  is  good 
evidence  that  the  true  San  Jose  scale  has  been  discovered-  Other 
scale  insects  cause  red  blotches  on  the  bark,  but  the  scales  them- 
selves differ  somewhat  from  the  forms  described. 

REMEDIES. 

Almost  every  conceivable  material,  having  any  claim  to  insecticidai 
value,  has  be  en  tried  to  kill  the  San  Jose  scale.  Whale  oil  soap 
solution  was  at  first  use^d  with  good  success,  but  it  has  proved  too 
expensive  in  general  practice;  kerosene  and  crude  petroleum  in 
mechanical  mixture  or  as  emulsions  were  extensively  used  in  the 
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i  arl^'  fight  against  this  pest,  but  are  no  longer  considered  safe  and 
(roiiomieal  as  a  winter  treatment;  the  so-called  soluble  oils,  prin- 
(•i])ally  a  mineral  oil  treated  in  a  manner  to  render  it  easily  mixed 
with  water,  have  been,  and  are  yet,  used  extensively,  with  reasonably 
good  results;  but  the  chief  reliance  is  now  placed  on  lime  and  sul- 
phur preparations,  which  may  be  purchased,  all  ready  and  prepared 
to  mix  with  water  and  be  applied  as  a  winter  dormant  tree  spray, 
or  some  lime  and  sulphur  wash  which  the  fruit  grower  may  prepare 
from  materials  readily  obtainable,  and  use  while  the  trees  are  not 
ill  foliage. 

LIME    AND    SULPHUR    WASH. 

Fonnuld, 

Liine  (fresh  unslaked) 20  pounds. 

(Do  not  use  a  magnesia  lime.) 

Sulphur  (flowers  or  Hour  of) ! 15  pounds. 

Water,  to  make  : 50  gallons. 

Boil  for  at  least  one  hour. 

Mix  the  sulphur  into  a  thin  paste  with  a  small  amount  of  water, 
and  then  add  about  fifteen  gallons  more  in  a  kettle  or  whatever 
receptable  is  used  for  boiling.  While  this  mixture  is  boiling  hot 
a<ld  the  lime  which  inmiediately  commences  to  slake,  causing  violent 
ebullition.  (The  sulphur  may  be  added  to  the  slaking  lime  if  pre- 
ferred.) Stir  frequently  and  add  cold  water,  if  necessary,  to  pre- 
vent its  boiling  over.  After  the  lime  is  slaked  continue  to  boil  for 
at  least  an  hour. 

When  properly  prepared  this  wash  is  a  dirty  green  color,  having 
lost  the  yellow  sulphur  color  entirely,  but  if  allowed  to  settle  a  clear 
amber  colored  liquid  appears  on  top.  A  residue  settles  quite  reaelily, 
but  as  this  is  an  important  part  of  the  mixture,  it  should  not  be 
discarded  except  that  portion  which  is  removed  by  the  straining 
necessary  to  make  the  solution  go  through  the  ordinary  spray  pump 
nozzle. 

The  lime-sulphur  wash  is  intended  to  be  used  only  for  winter 
spraying  while  the  trees  are  dormant.  It  will  burn  the  foliage 
severely,  and,  if  used  in  summer,  it  should  be  applied  only  to  the 
trunk  and  limbs.  Badly  infested  trees  should  be  sprayed  twice 
eluring  the  winter,  once  in  November  or  December  and  again  in 
February ;  by  this  treatment  the  San  Jose  scale  may  be  nearly  ex- 
te»rminated.  Trees  only  slightly  infested  are  usually  protected  by 
one  thorough  spraying  in  Fe^bruary  of  each  year. 

COMMERCIAL    LIME-SULPIIUR    PREPARATIONS. 

Several  brands  of  prepared  lime-sulphur  wash  are  now  being 
manufactured  and  sold  by  diffen  nt  chemical  companies.     All  reliable 
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concerns  offering  this  preparation  for  sale  have  a  mixture  that  is 
practically  as  effective — if  used  at  the  proper  strength,  usually  one 
part  to  ten  of  water — as  the  home  prepared  wash,  and  most  fruit 
growers  will  find  it  more  convenient,  and,  in  the  end,  just  as  economi- 
cal to  use  one  of  them  in  place  of  the  formula  given  above. 

SUMMER  TREATMENT   FOR  SAN    JOSE   SCALE. 

Summer  spraying  is  sometimes  advisable  when  an  orchard  is 
discovered  to  be  infested  after  the  trees  commence  to  grow,  but 
dormant  tree  spraying,  as  recommended,  is  much  to  be  preferred. 

The  lime  and  sulphur  preparations  may  be  used  on  the  trunk  aiul 
limbs,  without  injury  to  the  bark,  but  foliage  will  not  stand  such 
treatment. 

Kerosene  emulsion  at  fifteen  per  cent  strength  (formula  page  50) 
will  kill  a  large  percentage  of  the  insects,  if  applied  during  the 
summer  months.  It  kills  all  the  young  or  partly  grown  scales,  but 
does  not  usually  kill  the  mature  females.  It  can  be  applied  with 
safety  provided  the  emulsion  is  properly  prepared  and  applied  on 
a  bright  day,  applying  only  enough  to  cover  every  branch  and  twig 
together  with  the  foliage,  without  its  running  down  and  accumu- 
lating around  the.  trunk. 

OTSTEB   SHELL   SCALE. 

(Mytilaspis  pomci'um,  Bouche.) 

The  oyster  shell  scale  is  widely  distributed,  but  is  not  by  any 
means  as  destructive  as  the  San  Jose  scale.  It  has  occurred  in  the 
United  States  over  one  hundred  years,  since  being  introduced  origin- 
ally from  Europe. 

Full  grown  female  scales  are  fully  one-eighth  inch  in  length, 
slightly  convex  and  usually  curved  in  outline  to  resemble  a  minature 
oyster  shell  (Fig.  7).  These  hardened  scales  are  brownish  or  gray 
ish  brown  in  color,  closely  resembling  the  bark  of  the  tree  on  which 
they  live,  and  the  true  insects  live  underneath.  By  lifting  a  scale  the 
yellow,  soft-bodied  female  may  be  seen  during  summer,  but  in  her 
place*,  a  number  of  pearly  white  eggs,  during  winter. 

The  scale  covering  of  the  male  is  shorter  than  the  female,  an<l 
little,  if  any,  curved.  The  adult  male  is  winged  and  appears  iu 
nud-sunimer  to  fertilize  the  females. 

During  winter  the  femiale  scales  cover  a  mass  of  pearly  white  egsr?, 
which  hatch  during  the  latter  part  of  April  or  May. 

Two  irenerations  develop  annually  in  the  southern  states,  but  only 
one  occurs  farther  north. 
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Fio.  7.-Oy8ter  shell  scale,  on  appte  twig.    (Six  times  natural  sixe.) 


REMEDIAL    MEASURES. 

It  has  been  found  extremely  difficult  to  kill  all  the  winter  eggs 
even  by  applications  of  strong  kerosene  emulsion,  lime  and  sulphur 
wash,  or  strong  soap  solutions  such  as  are  effective  against  the  San 
Jose  scale  which  at  that  season  are  living  as  partly  grown  indi- 
viduals. Twenty  percent  kerosene  emulsion  will  penetrate  the 
oyster  shell  scales  and  destroy  some  eggs ;  lime-sulphur  wash  or  plain 
whitewash  tends  to  loosen  the  scales  and  cause  some  to  sluff  off, 
thus  exposing  and  killing  some  eggs,  but  winter  treatment  can  not 
be  strongly  advised. 

The  most  vulnerable  period  of  the  life  history  of  this  insect  is 
just  after  the  eggs  hatch  in  spring;  that  is,  while  the  young  are 
crawling  about,  or  soon  after  they  have  commenced  to  feed  and 
secrete  their  hard  scale  covering.  They  are  then  susceptible  to  weak 
contact  sprays,  such  as  ten  percent  kerosene  emulsion,  common 
laundry  soap,  whale  oil  soap,  or  lye  soap,  dissolved  at  the  rate  of 
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one  pound  in  five  gallons  of  water/  Apple  growers  should  determine 
when  the  eggs  hatch  by  watching  infested  trees  after  about  the  latter 
part  of  March  in  order  to  apply  the  remedy  before  the  insects  become 
protected  by  the  hard  scale  covering. 

In  general  practice  it  will  be  found  profitable  to  prune  off  badly 
infested  branches  during  fall  or  winter,  at  the  same  time  marking 
such  trees  and  others  slightly  infested,  for  treatment  the  following 
spring. 

The  above  recommendations  are  applicable  also  to  treatment  fr.r 
the  scurfy  scale  insect. 

SCURFY  SCALE. 

(Chianaspis  furfuras.  Fitch.) 

The  scurfy  scale  is  more  abundant  in  Western  than  in  Eastern 
Xorth  Carolina.  It  occurs  on  both  apple  and  pear,  and  is  readilv 
recognized,  when  present,  by  the  whitewashed  appearance  it  give^ 
to  the  trees. 

This  insect  is  a  native  of  America,  its  original  home  being  on  the 
bark  of  our  native  crab  trees.  In  power  of  destructiveness  it  d(ie> 
not  equal  the  oyster  shell  scale,  and  its  injury  is  insignificant  com- 
pared with  the  San  Jose  scale. 

The  scale  of  the  female  is  about  one-tenth  inch  long,  very  flat  and 
irregularly  triangular  or  pear-shaped  in  outline.  The  nipple  is  at 
the  pointed  end,  which  usually  points  upward.  The  color  is  light 
grayish  or  whitish,  but  seldom  pure  white. 

Under  this  scale  the  female  insect,  when  full  grown,  deposits  a 
mass  of  eggs,  in  this  respect  agreeing  with  the  oyster  shell  scale;  but 
these  eggs  are  purplish  instead  of  white,  and  the  little  larvae  when 
hatched  are  reddish  brown  in  color. 

The  scale  of  the  male  is  pure  white,  much  smaller  than  the  female, 
and  differs  further  by  having  parallel  sides  and  three  parallel  ridges 
along  the  back.  They  usually  occur  on  twigs  separate  from  the 
females,  giving  some  parts  of  the  bark  a  whitewashed  appearance. 
The  adult  male  is  a  tiny  winged  fly. 

Two  and  sometimes  three  generations  occur  each  year.  Winter  is 
passed  in  the  egg  stage  only.  During  April  or  May  these  eggs  hatch 
into  minute  lice  which  crawl  about  for  a  short  time,  the;i  setjtle  down 
to  feed  and  secrete  the  hard  scale  covering. 

Remedial  measures  consist  in  pruning  off  and  burning  badly  in- 
fested branches,  or  applying  strong  contact  sprays  during  winter  to 
loos(m  the  scales  and  destroy  the  eggs  beneath,  or  the  use  of  weak 
spray  mixtures  on  the  newly  hatched  young  which  appear  about  the 
same  time  as  the  oyster  shell  scale.  In  fact  all  treatments  suggested 
for  the  latter  may  be  used  to  control  the  scurfy  scale. 
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GREEN  APPLE  LEAF  APHIS. 

(Aphis  pomiy  De  Geer.) 

One  of  the  most  common  and  persistent  pests  of  the  apple  orchard, 
is  the  ^reen  leaf  aphis,  which  lives  on  the  under  side  of  the  leaves, 
causing  them  to  curl,  blacken  and  die.  Recently  planted  orchards 
and  nursery  stock  are  damaged  annually,  the  result  being  a  dwarfed, 
stunted,  deformed  growth,  or  occasionally  the  death  of  infested  trees. 
Older  trees  are  also  attacked.  Control  measures  are  simple  and 
oflfective  when  applied  at  the  proper  time,  which  is  when  the  aphids 
first  appear  and  before  the  leaves  are  badly  injured. 

DESCRIPTION,    LIFE    HISTORY   AND    HABITS. 

The  following  description  and  life  history  notes  are  based  largely 
on  the  work  of  Smith,  of  Xew  Jersey,  who  has  made  a  careful  study 
of  the  insect. 

Winter  Egg  Stage.  The  lice  of  the  last  generation  lay  eggs,  and 
in  this  stage  the  winter  is  passed.  The  eggs  are  small,  black,  shiny 
oval-shaped  objects,  glued  to  the  terminal  branches  around  the  base 
of  lateral  shoots  or  buds. 

First  Spring  Generation,  About  the  time  the  buds  are  bursting  in 
spring  the  eggs  hatch  into  minute  insects,  and,  like  all  plant  lice, 
they  feed  entirely  on  the  plant  juice,  which  is  sucked  through  their 
slender  beak. 

Plant  lice  extract  much  larger  quantities  of  sap  than  they  can 
assimilate,  which  results  in  drops  of  liquid  coming  constantly  from 
their  bodies,  either  through  the  two  honey  tubes  on  the  upper  pos- 
terior end  of  the  abdomen  or  through  the  arial  opening.  This  liquid 
is  highly  prized  by  ants,  which  are  nearly  always  found  running 
over  and  around  the  aphis  colonies.  It  is  a  great  mistake  to  suppose 
that  ants  eat  the  aphids  or  injure  them  in  any  way;  on  the  other 
hand  ants  often  protect  and  aid  some  species  of  lice  in  return  for 
the  sweet  liquid,  called  honey  dew,  of  which  they  are  so  fond. 

The  honey  dew  is  directly  responsible  for  the  black,  sooty  fungous 
growth  which  nearly  always  follows  the  appearance  of  the  green 
leaf  aphis.  The  fungus  thrives  on  this  honey  dew,  and  soon  clogs 
the  breathing  pores  of  the  leaves,  resulting  in  their  turning  brown, 
withering  and  dying.  In  this  manner  it  may  prove  quite  injurious 
to  leaves  not  actually  infested  by  aphids  because  such  quantities  of 
honey  dew  drop  from  aphis  colonies  to  the  leaves  beneath. 

Returning  to  the  aphids  just  hatched  from  the  eggs,  it  is  found 
that  they  increase  rapidly  in  size.  Only  fifteen  days  elapse  before 
this  generation  becomes  mature.  Each  adult  is  then  known  as  a 
stem-mother,  and  is  able  to  give  birth  to  living  young  at  the  rate  of 
eight  or  ten  a  day  until  at  least  fifty  are  born. 
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The  stem-mothers  are  all  wingless,  bright  green  in  color  and  some- 
what pear-shaped,  with  a  body  one-twelfth  inch  long.  They  are 
agamic,  non-sexual  forms,  giving  birth  to  living  young;  true  males 
not  being  present. 

Second  Generation, — Differing  from  the  first  generation,  the  sec- 
ond reaches  maturity  in  eight  to  nine  days.  Some  develop  into 
wingless  forms,  like  their  parents,  but  about  three-f .^urths  show  de- 
velopment of  wings  after  the  third  molt.  The  wingless  forms  re- 
semble the  parents,  but  the  winged  individuals  are  slightly  smaller 
and  darker  green,  some  almost  black  in  color. 

These  winged  aphids  represent  the  migratory  form,  and  fly  to  sur- 
rounding branches  or  other  trees  to  start  new  colonies.  Their  young 
are  also  produced  alive  by  non-sexual  reproduction,  as  before,  but 
all  are  again  wingless.  The  wingless  aphids  of  the  second  generation 
remain  in  the  original  colonies,  and  about  one-half  of  their  young 
mature  with  wings,  and  migrate  to  start  more  new  colonies. 

Third  Generatiori, — The  third  generation  under  favorable  con- 
ditions will  number  into  the  hundreds  and  thousands,  both  in  the 
original  colonies  and  in  those  started  by  the  migratory  forms.  The 
method  of  reproduction  continues  as  already  stated,  except  that  no 
more  winged  lice  appear. 

Last  Generation^ — After  several  generations  during  the  summer 
and  fall  while  no  males  appear  in  the  colonies,  the  last  one  develops 
into  true  males  and  females,  and  the  latter,  after  mating,  deposit 
fertilized  eggs  which  remain  on  the  trees  during  winter  and  hatch 
and  develop  into  stem-mothers  the  following  spring. 

REMEDIAL    MEASURES. 

Apple  leaf  aphids  are  quite  readily  controlled  by  contact  sprays 
applied  before  the  infested  leaves  curl  badly.  The  spray  must  come 
in  contact  with  the  lice,  and  the  curled  leaves  render  it  diflicult  to 
reach  them.     Arsenical  poisons  are  useless. 

Keferring  to  the  life  history  it  will  be  seen  that  it  requires  fifteen 
days  for  the  first  generation  to  mature,  and  nine  days  longer  before 
the  winged  adults  of  the  second  generation  appear.  During  these 
twenty-four  days  the  aphids  are  confined  to  the  vicinity  where  the 
eggs  hatched,  but  soon  afterward  the  winged  migratory  forms  estab- 
lish new  colonit's  on  other  branches  or  other  trees.  Growers  should 
wat(*h  their  apple  trees  and  be  prepared  to  kill  the  aphids  when  they 
first  appear,  or  at  least  within  one  or  two  weeks  thereafter,  in  order 
to  accomplish  the  work  before  the  aphids  become  numerous  enough 
to  cause  the  leaves  to  curl  badly,  besides  preventing  migration  and 
establishment  of  now  colonies. 

Tobacco  Decoction. — A  tobacco  wash,  made  by  the  formula  on 
page  49,  will  kill  all  the  aphids  that  it  touches.  A  weaker  solution 
^s  often  effective.     Young  trees  and  nursery  stock  are  most  easily 
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treated  by  dipping  the  tips  in  a  bucketful  of  the  decoction.  Larger 
trees  must  be  sprayed. 

Several  commercial  brands  of  tobacco  extracts  are  offered  for 
sale,  and  are  about  equally  effective  when  used  at  the  necessary 
strength. 

Kerosene  Eviidsion, — This  is  prepared  by  the  formula  given  on 
page  50;  and  when  applied  at  a  dilution  of  fifteen  to  twenty  per 
cent  it  will  undoubtedly  kill  all  the  aphids  that  it  touches,  although 
in  actual  practice  tobacco  decoctions  give  better  results.  Kerosene 
emulsion  must  be  well  emulsified,  to  prevent  the  oil  from  separating, 
and  the  mixture  should  be  constantly  agitated  while  being  used; 
otherwise  some  injury  to  the  foliage  may  result. 

Soap  Solutio-ns. — Any  strong  potash  laundry  soap  or  soaps  pre- 
pared especially  for  insecticide  work*  are  effective  against  apple  leaf 
aphis.  They  are  used  at  a  strength  of  one  pound  in  from  three  to 
six  gallons  of  water,  preferably  warm.  Either  whale  oil  soap, 
tobacco  whale  oil  soap,  or  naphtha  soap,  will  be  found  more  effective 
than  common  laundry  soap  when  used  at  equal  strength.  A  solution 
of  home-made  lye  soap,  one  pint  in  four  gallons  of  water,  is  also  a 
satisfactory  treatment. 

APPLE  TREE  TENT-CATERPILLAK. 

(Mala-cosoma  Americana,  Harris.) 

Tent-caterpillars  are  widely  distributed  and  familiar  to  most  farm- 
ers, because  they  make  themselves  conspicuous  by  dwelling  in  colonies 
and  constructing  tents  or  nests  in  which  they  rest  when  not  feeding. 
These  nests  are  often  made  on  apple  trees,  or  on  other  orchard  trees 
and  frequently  occur  on  wild  cherry. 


Fio.  8.— Tenl-caterpUlar  moth— female      (Somewhat  enlarged.) 
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DESCRIPTION    AND   LIFE    HISTORY. 

The  parent  moths  are  of  a  dull  reddish  brown  eolor,  having  a 
w\ng  expanse  of  about  one  and  one-half  inches  (Fig.  8).  Males  are 
smaller  than  females,  and  are  also  distinguished  by  having  their  an- 
tennae more  prominently  feathered.  These  moths  appear  during  the 
early  part  of  June  and  lay  eggs  in  a  characteristic  manner.  The  eggs 
are  deposited  on  small  twigs,  in  clusters,  usually  forming  a  complete 
encircling  ring,  containing  from  two  to  three  hundred  (Fig.  9).    The 


Fig.  9. — Egg-mass  of  tent-oaterplllar.    (Somewhat  enlarged.) 

eggs  are  conical,  about  one-twentieth  of  an  inch  in  length  and  placed 
on  end,  side  by  side,  in  circular  rows  cemented  together  and  finally 
covered  by  the  female  with  a  varnish-like  substance  which  protects 
them  during  the  eight  or  nine  months  that  elapse  before  the  eggs 
hatch  the  following  spring. 

The  young  caterpillars  hatch  early  and  feed  upon  the  opening 
buds  until  the  leaves  expand.  Soon  after  birth  they  crawl  to  the 
nearest  fork  formed  by  three  or  four  branches,  but  usually  within 
two  to  three  feet  of  the  old  egg  cluster,  and  there  commence  to 
construct  an  angular  tent  or  web  which  is  enlarged  daily  as  the 
worms  increase  in  size  and  require  more  room,  until  finally  it  niav 
become  one  foot  or  more  in  length.  The  caterpillars  leave  the  r:(>r 
to  feed  two  or  three  times  a  day,  scattering  over  the  tree  in  search 
of  succulent  leaves.  They  feed  only  in  the  daytime  of  bright  days, 
and  have  the  interesting  habit  of  all  leaving,  and,  later,  returning 
to  the  nest  at  about  the  same  time.  On  cloudy,  or  rainy  days  and 
at  night,  they  remain  in  the  nest.  This  habit  enables  the  fruit 
grower  to  destroy  the  nest  and  its  occupants  without  the  use  of 
poisons. 

Tent-caterpillars  attain  full  growth  after  feeding  for  five  to  six 
Avceks ;  they  are  then  nearly  two  inc^hes  in  length;  the  body  is  black- 
ish and  hairy,  with  a  continuous  white  stripe  down  the  back  and 
irregular  short  yellow  lines  along  each  side  of  this  central  stripe. 
A  closely  related  species,  the  forest  tent-caterpillar,  has  a  broken 
white  stripe  along  the  back,  and  by  that  feature  it  may  be  distin- 
guished from  the  species  under  discussion. 
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When  ready  to  transform  the  caterpillars  leave  the  trees  and 
scatter  in  all  directions  in  search  of  some  suitable  shelter  under 
which  to  spin  cocoons  and  pupate. 

A  cocoon  is  about  one  inch  long,  composed  of  yellowish  silk  woven 
closely  inside,  but  loose  outwardly  and  covered  with  a  powder  resem- 
bling sulphur.  In  this  structure  the  chrysalis  or  pupa  stage  is 
assumed  and  lasts  about  three  weeks,  after  which  the  parent  moths 
emerge  to  mate  and  deposit  eggs,  as  already  described. 

PBEVENTION  AND  BEMEDIES. 

Fruit  growers  may  easily  learn  to  recognize  the  eggs  masses  (Fig. 
0)  on  the  bare  twigs;  during  winter  these  may  be  removed  and 
burned.  In  spring  after  the  little  caterpillars  hatch  and  commence 
to  construct  their  conspicuous  nests  every  colony  in  an  orchard  may 
be  located  and  destroyed.  It  should  be  remembered  that  this  nest 
is  used  only  as  a  shcltc  r  at  night  or  when  the  worms  are  not  feeding, 
hence  its  destruction  must  be  accomplished  while  the  worms  are  at 
home.  This  time  is  during  the  early  morning  hours,  or  about  sun 
down,  or  on  rainy  days.  People  frequently  make  the  mistake  of 
burning  with  a  kerosene  torch,  or  otherwise  destroying  these  nests 
during  the  middle  of  the  day,  with  the  result  that  few,  if  any,  of 
its  occupants  are  present,  and  the  others  of  the  colony,  returning 
later,  proceed  to  construct  another  nest. 

Arsenical  poison  sprays,  such  as  Paris  green  or  arsenate  of  lead, 
used  by  themselves  or  with  Bordeaux  mixture,  soon  after  the  leaves 
expand,  will  prove  an  effective  remedy  by  poisoning  the  caterpillars 
while  they  are  small.  Wherever  regular  sprayings  are  made  with 
arsenicals  to  control  the  codling  moth,  apple  trees  can  never  be 
seriously  defoliated  by  tent-caterpillars. 

Colonies  occurring  each  spring  in  wild  cherry  or  other  trees, 
should  be  destroyed  in  order  to  retard  the  natural  increase'  of  the 
species.  The  little  work  required  to  seek  for  and  destroy  them  will 
prove  to  be  time  well  spent. 

FALL  WEB. WORM. 

(Hyphaniria  ntnea,  Harris.) 

After  the  fruit  grower  has  succepsfully  routed  the  tent-caterpillars, 
his  trees  may  become  ornamented  with  large  sprawling  webs  during 
June,  July  and  August,  and  upon  investigation  these  will  prove  to 
be  the  home  of  hungry,  light  colored,  very  hairy  caterpillars  which 
are  continually  extending  their  web  to  cover  the  foliage  fed  upon. 
These  nests  appear  on  many  forest  and  shade  trees  as  well  as  apple, 
pear  and  plum. 
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LIFE    HISTORY    AND    HABITS. 

The  parent  moths  appear  from  June  to  August,  coming  froin 
pupse  which  passed  the  winter  and  spring  in  lightly  constructed 
cocoons  spun  under  the  loose  bark  of  trees,  and  other  shelter  above 
ground,  or  a  short  distance  in  the  soil.     Egg  clusters  (Fig.  10)  cod- 
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Fia.  10.— Fall  webworm:  a,  egg-maas  somewhat  broken;  6,  female  moth.     (Only  slightly  enlarged.) 

taining  from  two  hundred  to  five  hundred  eggs  are  laid  on  the  under 
surface  of  the  leaves.  The  young  caterpillars  devour  the  pulpy 
portion  of  the  leaves,  leaving  the  veins  and  under  surface  untouched, 
and  spin  a  web  over  all  the  foliage  that  is  fed  upon.  This  web 
sometimes  completely  covers  small  trees  and  bushes  before  the  worms 
attain  full  growth.  When  nearly  grown  they  desert  the  web  to 
wander  aimlessly  about,  feeding  on  various  plants  before  they  finally 
discover  a  suitable  shelter  under  which  to  spin  cocoons  and  trans- 
form to  pupae. 

Two  generations  occur  each  year,  the  first  commencing  in  June 
and  the  second  about  two  months  later. 

DESCRIPTION. 

The  parent  moths  are  generally  snowy  white  (Fig.  10),  althouirh 
some  have  dark  spots  on  the  fore  wings  which  expand  about  one 
and  one-quarter  inches.     The  moths  are  active  only  at  night. 

Young  worms  are  pale  yellowish  in  color,  sparingly  hairy,  with 
a  double  row  of  black  marks  along  the  back.  Full  grown  worms 
are  an  inch  in  length,  pale  yellow  or  greenish  as  a  rule,  althougb 
some  are  darker ;  a  black  line  extends  along  the  back,  while  the  body 
is  clothed  with  tufts  of  long,  straight  dirty  white  hairs,  often  lon£:e?t 
on  the  terminal  segments.  The  worms  drop  quickly  when  disturbed, 
suspending  themselves  by  a  silken  thread. 

REMEDIAL    MEASURES. 

The  appearance  of  webs  on  the  trees  is  the  first  intimation  of  the 
arrival  of  fall  web- worms.     When  these  are  sce^n^j^ppl^  iniQW^rs  may 
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know  that  the  web  and  its  occupants  must  be  removed  and  burned, 
or  else  the  foliage  immediately  surrounding  the  webs  must  be  sprayed 
with  an  arsenical  mixture 'to  prevent  further  injury.  The  former 
method  is  quickest  and  certainly  effective,  and  where  only  a  few 
limbs  are  infested,  as  is  usually  true,  it  is  cheaper  to  destroy  the 
nest  containing  the  worms  than  to  spray  the  foliage  surrounding 
them. 

Orchards  regularly  treated  with  Bordeaux  and  arsenicals,  as 
recommended  on  page  86,  will  not  often  need  additional  treatment 
to  control  this  pest. 

CANKER-WORMS. 

{Aiiisoptcryx  veriiata,  Peck,  and  A.  Povwtaria,  Harris.) 

Two  closely  related  species  of  worms  that  crawl  with  a  looping 
motion,  like  measuring  worms,  occur  at  times  in  this  State  on  both 
fruit  and  shade  trees.  In  the  worm  stage  they  are  almost  exactly 
alike,  but  the  parent  moths  differ  somewhat  in  appearance  and 
habits,  particularly  the  females.  The  worms  of  both  species  burrow 
into  the  soil  to  pupate.  The  adult  moths  of  those  known  as  the 
fall  canker-worms  (Anisopteryx  pom^taria),  emerge  in  late  fall  and 
deposit  eggs  which  live  through  the  winter,  while  the  other  species, 
Anisopteryj:  verncUa,  pass  the  winter  as  pupa3,  emerging  as  moths 
the  following  spring,  hence  they  are  called  the  spring  canker-worms. 
Eggs  hatch  at  about  the  same  time  in  spring  which  is  when  the 
apple  leaves  are  unfolding. 

DESCRIPTION. 

The  female  moth  of  each  species  is  without  wings;  her  body  is 
hardly  one-half  inch  in  length,  and  of  an  ashy  grey  color;  her' 
movements  are  slow  and  sluggish.  Upon  emerging  from  the  soil  the 
females  crawl  to  the  base  of  eome  tree,  ascend  the  trunk,  and  there 
after  mating,  deposit  broad,  flat  egg  masses  on  the  bark  or  in  some 
crevice.     Each  mass  may  contain  one-hundred  or  more  eggs. 

The  male  moths  have  well  developed,  brownish  grey  wings  ex- 
panding fully  one  inch. 

Full  grown  worms  measure  about  one  inch  in  length;  their  color 
i?  greenish  yellow  to  dark  brown ;  they  do  not  construct  a  nest  or 
web,  nor  live  in  colonies,  like  the  tent-caterpillars  or  web  worms; 
and  they  differ  also  by  walking  like  a  measuring  worm.  When  grown 
they  leave  the  trees  by  crawling  down  the  trunk,  or  dropping  by 
means  of  a  silken  thread,  and  while  suspended  in  mid-air,  often 
get  on  passing  vehicles  or  pedestrians  and  are  thus  scattered  over 
wide  areas. 
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REMEDIAL    MEASURES. 

Canker-worms  present  a  point  in  their  development  quite  different 
from  most  insects ;  that  is,  the  females,  being  wingless,  must  crawl 
up  the  trees  to  deposit  eggs,  or,  should  the  young  worms  hatch  near 
the  ground,  then  they  must  ascend  the  tree  to  reach  the  foliage.  For 
these  reasons  barriers  that  neither  worms  nor  moths  can  pass,  will, 
if  placed  around  the  tree  trunks,  serve  as  a  perfect  protection. 
Numerous  things  have  been  employed  for  this  purpose,  such  as  tru 
tanglefoot  (same  material  used  on  tanglefoot  fly-paper),  printer^ 
ink,  coal  tar,  and  other  sticky  substances,  or  bands  of  loose  cotton 
or  wool. 

Tangle  foot  is  a  preparation  used  extensively  in  the  gypsy  moth 
suppression  work  in  the  New  England  States,  and  it  has  proved 
to  be  the  best  and  cheapest  sticky  substance  on  the  market.  It  raav 
be  applied  to  tree  trunks  without  injury  to  the  bark,  and  will  remaiu 
for  several  weeks,  sufficiently  soft  to  catch  and  hold  insects. 

Bands  of  loose  cotton  may  be  used  by  tying  them  around  the 
trunk,  in  such  a  way  that  the  upper  edges  will  hang  down  over  the 
cord  used  for  tying,  ao  that  the  wingless  females  or  young  worms 
are  entangled  and  held  when  they  attempt  to  crawl  up  the  trees. 

Coal  tar  or  printer's  ink  can  not  be  used  directly  on  the  bark 
without  danger  of  injury,  although  in  the  past  they  have  been  used 
to  cover  bands  of  paper  or  burlap,  but  such  treatment  is  not  advisable, 

Apple  growers  will  seldom  have  to  resort  to  the  above  methods  to 
prevent  canker-worm  injury,  even  should  the  worms  become  numer- 
ous. The  usual  practice  of  spraying  trees  two  or  three  times  each 
season  with  arsenical  mixtures,  will  in  most  cases  suffice  to  poison 
the  worms  before  they  are  large  enough  to  cause  injury. 

OTHER  CATERPILLARS. 

In  addition  to  the  ones  already  mentioned  a  few  large  species  of 
caterpillars  feed  on  apple  foliage,  but  are  controlled  readily  by  the 
usual  sprayings.  Over  a  dozen  different  forms  occur  at  times,  but 
seldom,  if  ever,  become  numerous. 

Small  caterpillars,  representing  a  wide  range  of  forms  and  habits, 
which  from  their  manner  of  feeding  have  been  given  such  names, 
as,  leaf  rollers,  leaf  folders,  leaf  crumplers,  apple  leaf  tyer,  and 
apple  leaf  skeletonizer,  at  times  become  somewhat  troublesome  on 
trees  which  are  not  sprayed  with  arsenical  poisons;  but  they  can  not 
multiply  to  injurious  numbers  where  one  or  two  sprayings  are  given 
after  the  trees  are  in  foliage. 

The  larva  of  the  eye-spotted  bud  moth  is  a  caterpillar  nearly  three- 
quarters  of  an  inch  long,  which  feeds  on  the  blossoms  or  newly 
formed  fruit ;  sometimes  they  feed  on  the  foliage  and  draw  several 
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leaves  together  in  a  blackened  withered  mass.  They  may.  also  bur- 
row into  the  pith  of  the  terminal  branches.  When  such  injury  is 
observed  the  infested  twigs  or  bunches  of  leaves  containing  the  worms 
should  be  picked  off  and  burned. 

Another  caterpillar  with  curious  habits  is  the  apple  tree  case- 
bearer.  As  the  trees  commence  to  grow  in  spring  these  little  curved 
pistol-shaped  cases,  each  containing  a  worm,  may  be  found  sticking 
to  the  fruit  buds.  The  inside  of  fruit  buds  are  first  devoured ;  later 
the  caterpillars  transfer  their  attack  to  the  foliage,  where  growth 
is  completed,  after  which  they  transform  to  pupae,  and,  during  June 
and  July  the  parent  moths  appear  and  lay  eggs  on  the  foliage,  and 
the  larvae,  hatching  therefrom,  feed  on  the  leaves  until  late  fall, 
when  they  attach  their  protecting  case  to  some  twig  and  remain 
dormant  until  the  following  spring.  . 

Injury  from  all  these  smaller  caterpillars  is  largely  prevented, 
wherever  apple  trees  receive  the  two  or  three  sprayings  with  Bor- 
deau  mixture  and  arsenicals,  which  are  necessary  to  control  the  apple 
worm. 

CODLING  MOTH  OB  APPLE  WORM. 

(Carpocapsa  pomonella,  Linn.) 

The  worms  occurring  so  often  in  apples,  and  sometimes  in  pears, 
represent  one  of  the  most  serious  obstacles  to  successful  apple  raising. 
They  are  the  young,  caterpillar  stage,  of  a  small  moth.  Pears, 
peaches,  plums,  quinces  and  cherries  have  been  found  infested  with 
this  worm,  although  apples  are  their  customary  food. 

The  name  applied  to  the  parent  form  has  been  in  use  since  1747, 
when  it  was  first  employed  by  an  Englishman  named  Wilkes.  The 
name  is  now  so  common  that  nearly  all  apple  growers  use  it  when 
referring  to  the  worm  itself. 

The  annual  loss  attributable  to  the  codling  moth  in  the  United 
States  is  estimated  at  nearly  $12,000,000,  or,  in  other  words,  about 
one-fourth  more  marketable  apples  would  be  raised  were  it  not  for 
this  pest.  The  percentage  of  annual  loss  is  greatest  in  the  smaller 
orchards,  owing  to  the  usual  neglect  of  the  trees,  when  only  a  few 
are  grown  to  furnish  fruit  for  home  consumption.  In  ^f^orth  Caro- 
lina where  apple  raising  is  a  promising  industry,  although  really 
in  its  infancy,  the  annual  percentage  of  wormy  apples  is  undoubtedly 
higher  than  the  average  for  well  managed  orchards,  and  since  it  is 
well  known  that  two  annual  sprayings  with  a  suitable  poison  mix- 
ture will  reduce  the  number  of  wormy  apples  to  less  than  ten  per 
cent,  further  arguments  for  the  adoption  of  spraying  are  totally 
unnecessary. 
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LIFE    HI8TOEY   AND   DESCEIPTION. 

An  intimate  knowledge  of  the  habits  of  the  apple  worm,  regarding 
when  and  how  they  enter  the  fruit,  in  what  stage  they  live  through 
the  winter  months,  when  eggs  are  deposited,  and  other  facts  relating 
to  their  development,  is  necessary  for  a  thorough  understanding  of 
the  methods  of  control  by  spraying,  banding,  et  cetera.  Brief  men- 
tion of  each  stage  of  development  is  therefore  advisable. 

Parent  Moth, — The  moths  are  seldom  observed  because  they  re- 
main hidden  during  the  day,  and  become  active  only  about  sundown 
or  later.  They  are  small  moths  with  a  wing  expanse  of  not  over 
three-fourths  of  an  inch ;  their  general  color  is  brown,  marked  with 
gray;  each  front  wing  bears  a  dark  brown  spot  near  the  tip  (Fig. 
11).     When  resting  on  the  bark  of  a  tree  with  wings  closed,  they 


Fig.  11.— Codling  moth:  parent  of  apple  worm. 
(About  twice  natural  sUe.) 

are  not  readily  seen.  Shortly  before  dusk  they  commence  to  flv 
about  the  trees  for  the  purpose  of  mating  or  laying  eggs  as  described 
below. 

^99^' — Eggs  for  the  first  generation  are  deposited  about  ten  dav^ 
after  the  petals  of  the  apple  blossoms  commence  to  fall,  the  exact 
date  varying  with  the  season.  Each  egg  is  about  the  size  of  a  small 
pinhead  and  is  pearly  white  when  first  laid,  but  assumes  a  darker 
color  as  the  larva  develops  within.  It  is  now  known  that  over  eighty 
percent  of  the  egcrs  are  laid  on  the  upper  surface  of  the  leavt^, 
while  less  than  ten  percent  are  placed  on  the  young. fruit  and  the 
remainder  occur  on  the  under  surface  of  leaves  or  on  the  twigs. 
Each  female  is  thought  to  deposit  about  fifty  eggs,  which  hatch  in 
from  five  to  ten  days. 

Larv(v, — ^Yhell  first  hatched  the  tiny  worms  commence  instinc- 
tively to  search  for  the  fruit.  Before  careful  observations  had  been 
made,  it  was  supfK>sed  that  most  of  the  worms  hatched  on  the  fruit 
and  entered  at  the  blossom  end,  but  now  it  is  known  that  the 
majority  hatch  on  the  foliacje,  and  a  large  percent  never  reach  the 
fruit.      The  worms  endeavor  to  conceal   themselves,  so  that,  when 
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once  on  the  fruit  nearly  eighty  percent  crawl  into  the  blossom  end 
where  they  feed  for  a  short  time  before  burrowing  toward  the  in- 
terior. Other  worms  commence  to  feed  where  two  apples  touch  or 
where  a  leaf  lies  against  the  fruit,  or  they  may  feed  for  two  or  three 
days  on  the  foliage. 

Full  grown  worms  are  flesh  colored  and  about  three-fourths  of  an 
inch  long;  they  have  eight  pairs  of  legs,  and  in  this  way  may  be 
distinguished  at  once  from  the  plum  curculio  worms,  which  occasion- 
ally infest  apples,  because  the  latter  are  legless  grubs.  When  inside 
the  fruit,  apple  worms  work  mainly  around  the  core,  but  when  grown 
and  nearly  ready  to  spin  cocoons  they  burrow  directly  toward  the 
skin,  usually  to  one  side  of  the  fruit  (Fig.  12).     This  exit  channel 


Fig.  12. — Apple  worm  Injury,  showing  common  condition  of  apples  fft>m  uncared-for  trees. 
(Somewhat  enlarged.) 

is  plugged  with  particles  of  excrement  for  two  or  three  days,  until 
the  worm  is  ready  to  emerge  and  seek  a  place  to  spin  a  cocoon  and 
pupffi.  They  remain  in  the  fruit  from  thirteen  to  forty  days,  dc^ 
pending  largely  on  the  weather  conditions;  those  of  the  second 
generation  mature  more  quickly  than  the  first. 

Cocoohs  and  Pupce. — After  leaving  the  fruit,  if  on  the  tree,  xhjt 
worms  may  crawl  down  the  limbs  and  main  trunk,  or  drop  to  the 
prround  by  a  silken  thread  and  then  ascend  the  tree  in  search  of 
sheltered  places  under  loose  bark  or  in  cracks  and  forks  made  by 
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large  limbs,  or  they  may  seek  shelter  in  some  rubbish  on  the  ground. 
The  worms  emerging  from  fallen  apples  may  crawl  up  the  tree  or 
seek  shelter  elsewhere. 

The  cocoon  is  finally  made  to  fit  the  crevice  into  which  the  worm 
crawls.  It  is  composed  of  smooth  white  silk  within,  while  on  the 
outside  the  silk  is  mixed  with  particles  bitten  off  by  the  worm  in 
hollowing  out  a  cavity  for  its  body.  In  these  cocoons  the  worms  of 
the  spring  generation  soon  transform  to  pupae,  and,  about  two 
weeks  later,  emerge  as  adult  moths;  but  the  worms  of  the  second 
generation  usually  remain  in  their  cocoons  all  winter  without  pu- 
pating until  the  following  spring,  when  the  moths  appear  just  after 
the  apple  blossoms  fall. 

Winter  Stage, — The  reader  now  knows  that  the  worms  hibernate 
in  their  cocoons  during  winter,  but  it  may  not  be  realized  that  these 
cocoons  may  be  found  wherever  apples  have  been  stored  during  the 
summer  or  early  fall.  Twenty  or  more  cocoons  may  occur  under  a 
hoop  of  a  barrel  in  which  apples  have  been  kept,  while  the  cracks 
and  corners  of  boxes  or  apple  bins  furnish  excellent  hiding  placff. 
When  constructed  under  loose  bark  (Fig.   13)    a  large  percent  of 


Fig.  13.— Cocoons  of  apple  worm,  constructed  under  bark  of  apple  tree.    (Somewhat  enlarfed) 

the  cocoons  are  discovered  by  woodpeckers    and    other    birds   that 
consider  the  little  worms  as  dainty  morsels. 

Generations. — Two  full  generations  occur  in  this  State;  farther 
South  there  is  a  third ;  while  in  the  North  only  one  full  generation 
develops  each  year.  The  first  generation  are  grown  and  commenc- 
ing to  mature  to  adult  moths  about  seven  weeks  after  the  appl^' 
blossoms  fall,  so  that  in  case  the  fruit  grower  desires  to  spray  to 
poison  the  larvae  of  the  second  generation,  as  suffffested  under  reme- 
dial measures,  this  time  is  reckoned  upon  unless  the  worms  are  in- 
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duced  to  spin  cocoons  under  bands,  where  they  may  be  examined 
frequently  and  the  exact  date  of  the  emergence  of  moths  determined. 

BEMEDIAX   MEASUBES. 

Value  of  Spraying. — Spraying  with  arsenical  poisons,  preferably 
combined  with  Bordeaux  mixture  for  the  control  of  fungous  diseases, 
is  by  all  means  the  best  remedy.  The  results  obtained  depend  en- 
tirely on  the  applications  being  made  at  the  proper  time,  and  with 
sufficient  care  to  cover  the  foliage  and  young  fruit,  in  order  to 
poison  the  worms  during  the  first  two  or  three  days  of  their  exist- 
ence, that  is,  before  they  actually  enter  the  fruit.  This  treatment 
is  based  on  the  fact  that  fully  seventy-five  percent  of  the  young 
.  worms  that  hatch  on  the  fruit,  or  reach  it  from  the  leaves,  enter  the 


Fxo.  14. — Apple  worm  Injury  In  blossom  end.    This  specimen  was  not  Inhabited  bv  a  worm  when 
photographed,  but  shows  how  fruit  may  be  ruined  for  market.    (Natural  sUe.) 

calyx  end  (blossom  end),  and  feed  for  a  short  time  in  the  cavity 
formed  by  the  calyx  lobes  where  poison  can  be  placed  by  thorough 
spraying  just  after  the  petals  fall,  but  before  the  calyx  lobes  com- 
mence to  close  (Fig.  15).  In  other  words,  the  principal  effective 
spraying  must  be  finished  within  ten  days  after  the  apple  blossoms 
commence  to  fall  freely.  Where  a  large  number  of  trees  must  be 
treated  it  is  necessary  to  commence  the  spraying  before  all  the  petals 
have  fallen,  in  order  to  complete  the  work  before  the  calyx  lobes 
close,  but  with  only  a  few  trees  to  be  treated  the  first  spray  should 
be   applied  immediately  after  the  blossoms  fall.     As  this  spraying 
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is  of  great  importance  against  apple  scab  (page  87),  it  is  best  to 
spray  while  some  petals  are  still  falling. 

For  best  results  a  second  spraying  with  arsenical  Bordeaux  mix- 
ture should  be  applied  one  week  after  the  first,  although  numerous 
experiments,  conducted  in  different  states,  have  shown  conclusively 
that  one  thorough  spraying  before  the  calyx  lobes  close,  will  reductf 
the  number  of  otherwise  wormy  apples,  by  nearly  eighty  perceut. 
If  both  the  first  and  second  sprayings  are  applied  at  the  correiH 
time,  it  is  often  possible  to  secure  from  ninety-five  to  ninety-eight 
percent  of  apples,  entirely  free  from  worms. 

Under  some  circumstances  it  is  advisable  to  spray  to  poison  tht- 
second  generation,  of  which  a  large  number  of  the  larva?  enter  tbt- 


Fio.  15.— Young  apples  showing,  on  left,  calyx  lobes  open,  and  in  right  condition  for  first  epraylnif. 
on  right,  calyx  lobes  closed,  and  almost,  if  not  quite,  too  late  for  first  spraying.     (After  QuaintAnce  <. 

apples  from  one  side  instead  of  the  calyx  end ;  but  the  first  spraying, 
applied  thoroughly,  is  worth  more — prevents  more  wormy  fruit — 
than  a  number  of  similar  applications  after  the  apples  have  grown 
until  the  calyx  lobes  are  tightly  closed.  The  second  generation  of 
a])ple  worms  may  conumence  to  hatch  about  seven  weeks  after  the  datt* 
when  the  first  spraying  should  be  completed,  which  is  approximately 
nine  to  ten  weeks  after  the  apple  trees  first  commence  to  bloom.  Tn 
the  writer,  it  does  not  seem  advisable  to  attempt  spraying  for  the 
second  generation,  unless  the  gi'ower  is  sufliciently  interested  to 
watch  the  development  of  the  first  generation,  and  thus  know  exactiv 
when  an  application  of  poison  will  be  most  effective.  Fig.  14  show? 
the  work  of  a  worm  of  the  second  generation,  that  could  probably 
have  l^een  prevented  by  good  spraying.  Digitized  by  ^^uuy  it: 
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Arsenical  Bordeaux  Spray, — The  most  satisfactory  spray  mix- 
ture for  codling  moth  treatment  is  prepared  as  follows: 

FormiLUi. 

Blue  stone 4  pounds. 

Lime  (must  be  fresh  unslaked) 4  pounds. 

Arsenate  of  lead 2  1-2  to  3  pounds. 

or 

Paris  green  6  ounces. 

Water  to  make 50  gallons. 

The  blue  stone  and  lime  are  combined  to  make  Bordeaux  mixture, 
by  the  method  described  on  page  119.  The  arsenical  poison,  pre- 
ferably arsenate  of  lead,  is  added  to.  this  and  thoroughly  mixed.  The 
poison  should  be  mixed  at  first  in  a  small  amount  of  water,  and 
then  added  to  the  Bordeaux  mixture. 

How  to  Spray. — ^When  spraying  to  prevent  wormy  apples  the 
poison  mixture  must  be  applied  as  a  rather  fine  driving  spray,  under 
high  pressure,  and  directed  primarily  at  the  fruit,  with  the  intention 
of  getting  some  of  the  poison  liquid  in  the  end  of  each  apple  where 
the  calyx  lobes  form  a  tiny  cup.  At  the  time  this  treatment  is 
necessary  the  apples  nearly  all  point  upward,  so  that  the  calyx  cup 
holds  the  liquid,  provided  the  spray  nozzle  be  set  at  an  angle  in 
order  to  drive  the  spray  from  the  sides  and  from  above,  directly  into 
the  end  of  the  fruit.  When  all  the  work  of  spraying  is  done  from 
the  ground,  with  the  spray  nozzle  pointing  upward,  many  apples 
will  be  touched  on  the  sides  while  none  of  the  poison  will  lodge  in 
the  calyx  cup  formed  by  the  open  lobes.  All  the  foliage  will  be 
covered  by  the  time  the  fruit  is  properly  sprayed,  and,  in  fact,  the 
mixture  must  usually  be  applied  until  it  drips  from  the  leaves  before 
thorough  spraying  is  accomplished.  The  beginner  will  feel  that  a 
large  amount  is  being  wasted,  and  will  be  inclined  to  leave  a  tree 
before  all  the  fruit  is  touched.  It  is  poor  economy  to  attempt  to 
save  material  when  spraying  for  the  codling  moth.  One  very  thor- 
ough spraying  is  more  effective  than  two  poor  ones. 

Banding  Trees. — The  banding  method  consists  of  placing  strips 
of  burlap  or  similar  material  around  the  trunk  and  main  limbs  of 
apple  trees  to  furnish  a  place  for  the  worms  to  spin  cocoons  and 
pupate  after  leaving  the  fruit.  It  can  not  prevent  injury  by  the 
first  generation  of  worms.  In  practice  the  bands  are  placed  around 
the  trees  within  three  weeks  after  the  blooming  period,  and  examined 
at  least  twice  a  week  after  the  worms  reach  maturity  and  commence 
to  leave  the  fruit.  This  inspection  is  continued  as  long  as  worms 
are  caught  in  sufficient  number  to  pay  for  the  trouble.  In  some 
instances,  when  trees  have  not  been  sprayed  properly,  large  numbers 
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of  worms  are  trapped  under  the  bands  and  are  readily  found  and 
killed  by  crushing,  but,  as  a  means  of  securing  fruit  free  from 
worms,  in  the  opinion  of  most  apple  growers  the  benefit  derived  is 
not  equal  to  the  trouble  and  expense.  An  experiment  conducted  in 
Georgia  by  W.  V.  Reed  showed  that  only  about  ten  percent  of  the 
worms  actually  leaving  the  apples,  are  caught  under  bands  placed 
around  the  trunk  and  main  limbs ;  hence,  even  where  trees  have  not 
been  sprayed,  a  sufficient  number  of  worms  pupate  elsewhere,  and 
change  to  adults,  to  furnish  a  destructive  second  generation. 

Disposal  of  Fallen  Fruit. — Many  of  the  apples  that  drop  within 
one  or  two  months  after  the  fruit  is  first  formed,  are  infested  bv 
apple  worms,  hence  some  method  should  be  adopted  to  destroy  such 
fruit  in  order  to  prevent  the  worms  from  becoming  mature  ard 
leaving  to  spin  cocoons  and  change  to  adult  moths.  Young  hogs 
will  do  the  work  admirably,  if  they  are  not  allowed  too  much  other 
food  and  a  sufficient  number  employed  to  keep  the  fallen  fruit  picked 
up  clean  each  day. 

Preventive  Measures, — All  rubbish,  weeds,  brush,  or  any  material 
that  offers  a  good  shelter  for  the  apple  worms  to  spin  cocoons,  should 
be  kept  out  of  the  orchard,  or  at  least  carefully  cleaned  up  and 
burned  during  the  winter.  In  this  connection  it  should  be  explained 
that  the  trees  themselves  may  be  kept  free  from  loose  bark,  and 
broken  limbs,  which  offer  hiding  places  for  the  worms.  The  lime- 
sulphur  wash,  as  a  remedy  for  the  San  Jose  scale,  tends  to  keep  the 
bark  bright  and  clean,  and  Bordeaux  mixture  has  the  same  effect. 

Other  preventive  measures,  such  as  destroying  the  apple  worms 
in  their  cocoons  in  boxes,  barrels  and  bins  where  apples  are  stored 
or  having  the  storage  rooms  tightly  screened  to  prevent  the  escape 
of  codling  moths  which  emerge  from  such  places  in  spring,  and 
scraping  the  loose  bark  off  of  old  apple  trees  during  the  winter, 
will  all  help  reduce  the  number  of  the  first  generation.  Poi?on 
spray,  as  suggested,  is  really  a  preventive  measure,  because  it  kills 
the  worms  before  they  enter  the  fruit. 

PLUM  CUBCULIO. 

(Conotrachehis  Nenuphar,  Hbst.) 

Apples  and  pears  frequently  show  curculio  injury,  in  the  form 
of  hard,  knotty  swellings  on  the  skin  of  the  half-grown  or  maturing 
fruit.  The  worm  stage  of  the  curculio  is  seldom  found  in  these 
fruits  on  the  trees,  but  is  very  common  in  peaches,  plums,  cherrie? 
or  other  stone  fruits.  The  adult  curculios  have  been  bred,  in  some 
experimental  work,  from  small  apples  that  dropped  before  attaining 
one-fourth  size. 
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DESCBIPTION   AND   HABITS. 

The  curculio  is  a  small,  dark-brownish,  rough-backed  beetle,  only 
one-fifth  of  an  inch  in  length  (Fig.  16)  ;  the  head  bears  a  slender 


Fig.  16.— Plum  curculio:   adult  beetle.    Notice  long  beak,  on  end  of  which  are  the  biting  jaws. 

(Enlarged  six  times.) 

snout  or  beak  fully  one-third  as  long  as  the  body;  the  small  biting 
jaws  are  on  the  end  of  the  snout;  the  beetles  resemble  a  dried  bud, 
when  playing  "possum"  with  legs  and  snout  held  tightly  against 
the  body,  as  they  appear  when  disturbed.  It  is  this  habit,  of  which 
advantage  has  been  taken,  to  jar  the  beetles  onto  sheets  stretched 
under  the  trees,  and  at  one  time  that  was  the  best  known  method  of 
fighting  them. 

The  white,  footless,  grub-like  worms  commonly  occurring  in 
peaches,  plums  and  cherries  are  the  young  of  the  curculio  described 
above.  The  common  apple  worm  differs  by  having  eight  pairs  of 
legs,  and  is  usually  of  a  pinkish  color. 

During  the  winter  months  the  adult  curculios  hibernate  in  some 
sheltered  spot,  emerging  in  spring  about  the  time  fruit  trees  are 
in  bloom.  They  feed  at  first  on  the  tender  leaflets  by  eating  small 
holes,  but  later  they  commence  on  the  fruit,  on  which  the  eggs  arc 
laid  in  crescent-shaped  punctures.  Stone  fruits  are  most  acceptable, 
but  apples  are  attacked  if  convenient.  Both  egg  and  feeding  punc- 
tures are  made  in  the  skin  of  the  young  apples.  If  the  egg  hatches 
the  worm  usually  causes  the  apple  to  drop  within  a  shoH  time  after- 
ward; some  of  the  early  drop  may  be  attributed  to  this  cause. 
However,  most  of  the  punctures  develop  into  hard,  knotty  scars 
and  spots  which  become  noticeable  when  the  fruit  is  about  one- 
third  grown,  and  are  still  evident  when  the  fruit  is  gathered. 

REMEDIAL   MEASURES. 

Apple  growers  can  not  afford  to  make  any  special  fight  against 
the  plum  curculio,  except  by  such  regular  sprayings  as  are  necessary 
for  the  control  of  the  codling  moth,  and  the  practice  of  frequent 
shallow  cultivation  during  May,  June    and  July,  as  e;^plW^^S^J©^TE! 
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Concerning  the  value  of  poison  spray,  it  has  been  learned  within 
recent  years  that  a  large  percent  of  wormy  peaches  are  prevented 
by  spraying  with  arsenate  of  lead,  and  furthermore,  wherever  apple 
trees  are  well  sprayed  with  any  arsenical  poison  for  the  codling  moth, 
the  curculio  injury  is  much  less  than  on  unsprayed  trees. 

The  value  of  frequent  shallow  cultivations  is  due  to  the  fact  that 
the  plum  curculio  larvae  go  into  the  soil  to  form  cells  in  which  to 
pupate  and  transform  to  the  adult  beetles,  but  before  this  change 
occurs  they  remain  under  the  surface  for  nearly  three  weeks,  or 
sometimes  longer,  and  during  that  time  many  may  be  destroyed  by 
frequent  cultivation,  which  is  also  most  advisable  for  the  health  of 
the  trees. 

It  is  doubtful  if  an  apple  grower  can  afford  to  make  any  special 
effort  to  destroy  the  young  fallen  apples  which  may  contain  the 
curculio  larvae;  but  the  usual  method  of  gathering  windfalls  to 
destroy  the  common  apple  worm,  will  aid  somewhat  toward  sup- 
pressing the  curculio. 

Whenever  apple  orchards  are  planted  in  among,  or  close  by  stone 
fruits,  every  effort  should  be  made  to  suppress  the  curculio  on  the 
latter,  by  following  the  best  advice,  or  information  obtainable,  and 
thus  protect  the  apples  from  the  chance  of  being  severely  disfigured 
by  curculio.  The  writer  can  not  use  space  here  to  discuss  the  treat- 
ment for  curculio  in  peaches  and  plums. 

APPLE   CURCULIO. 

(AiUhonomiLs  Qiuidrigibbus,  Say.) 

Very  few  apple  growers  in  North  Carolina  have  seen  and  recog- 
nized the  true  apple  curculio,  although  it  is  occasionally  present. 
The  adult  is  a  beetle  somewhat  similar  to  the  plum  curculio  in  gen- 
eral color  and  shape,  but  differs  by  being  slightly  smaller,  and  pos- 
sessing a  much  longer  snout ;  besides,  it  has  a  different  manner  of 
development.  The  plum  curculio  larvae  desert  the  fruit  to  burrow 
into  the  ground  to  pupate  and  transform  into  the  adult  stage,  while 
this  species  passes  through  all  its  transformations  in  the  flesh  of  the 
apple. 

Concerning  possible  remedial  measures  there  is  little  to  be  said. 
The  apple  curculio  is  not  of  much  importance  at  present,  but  if  it 
should  occur  in  injurious  numbers,  some  of  the  measures  recom- 
mended against  the  plum  curculio,  will  be  found  of  value. 
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INSECTS  INJURIOUS  TO  PEAR. 

The  pear  industry  in  North  Carolina  has  not  been,  in  the  past, 
sufficiently  extensive  to  stimulate  all  growers  into  taking  much  inter- 
est in  the  insect  pests,  but  as  the  orchards  increase  it  will  become 
necessary.  The  following  insects,  liable  to  injure  pear,  are  dis- 
cussed with  the  knowledge  that  none  of  them  are  of  great  importance 
in  this  State,  with  the  exception  of  the  San  Jose  scale,  borers,  codling 
moth  and  curculio. 

BORERS. 

The  round-headed  and  the  flat-headed  apple-tree  borers,  the  former 
discussed  on  pages  52-54,  and  the  latter  on  page  54  are  liable  to 
attack  pear  trees,  but  they  seldom  prove  as  injurious  as  when  work- 
ing in  apple  trees.  The  remedial  measures  already  advised  are 
equally  applicable  for  borers  in  pear  trees. 

The  apple  twig-borer  is  also  an  enemy  of  pear  trees.  It  is  dis- 
cussed on  page  57  with  remedial  suggestions. 

PRIONUS  BORERS. 

-    (Prionus  laticollis,  Drury,  and  P.  umbricornis,  Linn.) 

A  large  borer,  often  two  and  a  half  to  three  inches  in  length,  is 
sooaetimes  found  in  the  base  of  a  young  pear  or  apple  tree,  or  in^ 


Fio.  17.— Prlonua  beetle.    Prioniu  laticollis.    (Natural  slae.) 

the  root  of  a  grape  vine.  The  borer  in  question  has  a  heavy  and 
prominently  segmented  body,  yellowish  white  in  color;  the  head  is 
reddish  brown  in  color  and  small,  but  provided  with  powerful  jaws. 
It  is  supposed  that  this  borer  requires  nearly  three  years  to  attain 
full  growth,  then  changes  to  a  whitish  pupa,  thence  to  the  adult 
beetle. 
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The  injury  is  peculiar  in  that  the  entire  inside  of  the  main  root 
of  a  young  tree  may  be  devoured,  while  only  a  thin  outer  covering 
remains  unbroken  until  the  v^^eight  above  breaks  it  over.  Nurserv 
stock,  and  occasionally  young  trees  in  the  orchards  are  destroyed  in 
this  manner. 

The  borers  of  the  two  species  named  above  resemble  each  other 
very  closely,  and  the  parent  beetles  are  also  much  alike.  They  are 
large,  powerful,  brownish  black  beetles  measuring  from  one  and 
one-quarter  to  one  and  three-quarters  inches;  their  heads  are  nar- 
rower than  the  thorax,  and  provided  with  strong  jaws.  .  Fig.  17 
illustrates  the  general  appearance  of  these  prionus  beetles. 

There  is  no  preventive  measure  to  suggest,  except  to  kill  the  borers 
and  parent  beetles  when  found.  A  young  apple  or  pear  tree  is 
generally  ruined  by  the  time  the  borer  is  discovered. 

SAir  JOSE  SCALE. 

Some  varieties  of  pears,  particularly  the  Bartlett  and  Seckel,  are 
often  seriously  injured  by  the  San  Jose  scale,  while  the  KeifFer,  Le 
Conte  and  some  of  the  hardiest  varieties  may  sometimes  grow  in  a 
peach  or  plum  orchard  where  the  scale  is  abundant  without  becoming 
infested  or  being  injured  in  the  least.  However,  this  scale  is  usually 
a  serious  pest  in  mixed  pear  orchards,  but  it  may  be  controlled  by 
thorough  spraying  with  lime-sulphur  wash,  and  a  study  of  the  San 
Jose  scale  discussion  on  pages  58  to  62  will  furnish  the  necessary 
information. 

OTHER  SCALE  INSECTS. 

The  oyster  shell  scale,  discussed  on  page  62,  and  the  scurfy  scale 
insect,  page  64,  are  liable  to  occur  on  pear  trees,  although  they 
seldom  cause  severe  injury.  In  case  they  are  discovered  the  remedial 
measures  suggested  will  be  suitable  for  treatment  of  the  pear  trees. 

LEAF-EATING  CATEBPILLABS. 

Pear  foliage  is  subject  to  the  attack  of  several  different  forms  of 
caterpillars  which  may  appear  in  early  summer  or  fall.  The  fall 
web-worm,  discussed  on  page  69,  is  an  example,  while  several 
caterpillars  of  minor  importance,  such  as,  the  tussock-moth  cater- 
pillars, the  red-humped  apple  tree  caterpillar,  and  the  bag-worms 
may  be  present.  In  all  cases  of  caterpillar  attack  no  damage  will 
occur  if  arsenical  poison  sprays  are  employed.  Arsenate  of  lead  at 
a  strength  of  three  pounds  in  fifty  gallons  of  water  or  Bordeaux 
mixture  is  a  safe  treatment.  Paris  green  at  the  rate  of  one  ounce 
to  ten  gallons  of  spray  mixture  is  also  effective,  but  is  washed  off 
of  the  foliage  by  rains  more  quickly  than  the  arsenate  of  lead.    The 
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sprayings  with  Bordeaux  mixture  necessary  to  prevent  leaf  diseases, 
will  also  control  practically  all  caterpillars,  if  arsenical  poisons  are 

CODLING  MOTH  AND  PLUM  CUBCULIO. 

Pears  are  less  liable  than  apples  to  be  found  wormy,  but  the  worms 
which  do  occur  are  generally  the  larvse  of  the  codling  moth,  op  in 
other  words,  the  apple  worm.  Since  this  pest  is  fully  described  and 
remedial  measures  explained  on  pages  73-80,  it  needs  no  discussion 
here.  Pears  should  be  sprayed  at  the  same  time,  in  relation  to  the 
blooming  period,  and  in  the  same  m^anner  as  apples,  to  prevent  wormy 
fruit. 

The  plum  curculio  may  cause  blemishes,  and  hard  spots  on  the 
pear  as  well  as  on  the  apple.  This  form  of  injury,  as  well  as  remedial 
suggestion,  is  explained  on  page  80,  to  which  the  reader  is  requested 
to  refer. 

PEAB-LEAF  BLISTEB-MIXE. 

The  blister-mites  are  minute  creatures — ^more  like  spiders  than 
true  insects — that  live  in  blackish  blisters  on  the  leaves  of  pear  trees . 
during  summer  and  fall.    When  abundant  they  weaken  the  tree  and . 
reduce  the  crop. 

Life  History  and  Habits, — The  mites  appear  on  the  leaves  as  they 
are  unfolding  in  spring,  and  form  red  spots  or  blister-like  galls, 
which  have  small  openings  on  the  under  side  of  the  leaves.  Eggs 
are  laid  within  the  galls  and  the  young  escape  through  the  opening 
and  start  new  galls.  As  the  season  advances  the  blistered  areas 
change  from  red  to  blackish  in  color,  and  in  the  autumn  the  mites 
leave  the  galls  and  locate  in  the  outer  scales  of  the  winter  buds^ 
where  they  remain  uiitil  the  following  spring. 

Remedies, — The  use  of  lime-sulphur  wash  (page  61),  whil6  the 
trees  are  dormant,  will  destroy  nearly  all  the  mites  wintering  in  the 
buds,  as  explained  above.  Twenty  percent  kerosene  emulsion  (page 
50),  applied  during  the  winter,  is  also  a  good  remedy,  but  advisable 
only  in  case  a  pear  orchard  has  been  badly  injured  by  the  blister- 
mite,  and  where  no  San  Jose  scale  exists,  to  require  the  lime-sulphur 
apray;  in  other  words,  the  latter  is  the  best  remedy,  as  the  mixture 
has  a  fungicidal  value  also,  without  any  possibility  of  causing  injury. 
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GENERAL  SPRAYING  RECOMMENDAjTIONS. 

The  fruit  grower  should  have  a  clear  idea  of  his  reason  for  spray- 
ing, based  on,  a  study  of  the  insect  enemies,  previously  mentioned, 
and  the  fungous  diseases  discussed  in  the  following  pages;  but  when 
commencing  he  may  be  guided  by  the  following: 

First  Spraying.  Before  leaf  or  blossom  buds  open,  using  lime  sul- 
phur wash  (page  61),  if  San  Jose  scale  are  present  or  suspected; 
or  with  Bordeaux  mixture  of  (4-4-50)  formula  (page  119).  The 
lime-sulphur  wash  has  the  combined  advantage  of  killing  the  San 
Jose  scale  and  other  insects  that  hibernate  on  the  trees,  and  being 
nearly  equal  to  Bordeaux  mixture  in  its  fungicidal  effect. 

Second  Spraying. — Immediately  after  most  of  the  petals  fall, 
using  arsenical  Bordeaux  mixture  (page  79)  for  codling  moth,  bud 
worms,  caterpillars,  or  apple  scab  and  other  fungous  diseases. 

Third  Spraying. — ^Within  one  week  to  ten  days  after  second  treat- 
ment and  using  the  same  mixture;  for  codling  moth,  caterpillars, 
apple  scab  and  other  fungous  diseases. 

Subsequent  Sprayings. — All  sprayings  made  after  the  above, 
should  be  applied  for  a  special  purpose,  such  as  treatment  for  the 
second  brood  of  codling  moth;  additional  sprayings  to  control  the 
apple  scab  or  leaf  spot;  or  for  the  control  of  apple  bitter  rot;  and 
possibly  to  destroy  unexpected  insects  like  fall  web-worms,  apple 
lice,  and  other  forms.  A  fourth,  fifth  and  sixth  treatment  is  sug- 
gested on  page  110  for  control  of  apple  diseases,  and  such  sprayings 
are  usually  profitable  if  applied  for  a  specific  purpose.  Arsenical 
poisons  can  always  be  used  with  Bordeaux  mixture,  or  with  the  other 
fungicides  mentioned  on  pages  119  to  123. 
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II.— FUNGOUS  DISEASES  OF  THE  APPLE. 
Bt  F.  L.  Stevens. 

Original  lUustratlons  by 

J.  G.  Hall. 

THE  APPLE  SCAB.  * 

(Venturiose).  ■ 

This  disease,  collected  in  North  Carolina  by  Curtis  as  early  as 
1867,  is  prevalent  in  all  sections  and  is  so  well  known  to  all  apple 
growers  as  to  need  no  description.  Its  general  characters  are  well 
shown  in  Fig.  18. 


Fig.  18.— Apple  scab. 

The  scab  is  caused  by  a  parsitic  fungus,  which  does  great  damage 
to  the  leaf  as  well  as  to  the  fruit.  The  spores,  carried  by  the  wind, 
fall  upon  the  surface  of  the  fruit,  leaf  or  twig  and  there  begin  to 
grow,  spreading  from  the  central  point  of  infection.  Thus  the  dis- 
eased area  is  usually  circular  in  outline.  Upon  the  fruit  the  fungus 
grows  between  the  skin  and  the  underlying  tissue  and  robs  the  grow- 
ing parts  of  nourishment,  causing  the  diseased  regions  to  grow  more 
slowly  than  other  parts  of  the  fruit.  If  scab  occurs  upon  the  stem 
of  the  apple,  it  so  cuts  off  the  supply  of  nourishment  from  the 
young  fruit  as  to  cause  it  to  fall  prematurely.  Similarly  the  pres- 
ence of  the  fungus  on  the  stem  of  the  leaf  may  cause  the  death  of 
the  leaf.  As  the  apple  approaches  maturity,  the  scab,  if  very  abun- 
dant, dwarfs  one  side,  giving  the  fruit  a  lop-sided  appearance,  which 
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is  quite  characteristic.     Owing  to  the  premature  falling,  many  apples 
affected  most  seriously  with  the  scab  escape  observation. 

Not  only. does  this  fungus  damage  the  fruit,  but  it  is  also  often- 
times present  to  a  very  serious  extent  on  the  leaves,  where  it  causes 
a  crinkling  and  an  irregular  ruffling  accompanied  by  an  olive  dis- 
coloration. Here  it  interferes  greatly  with  the  proper  accumulation 
of  nourishment  and  results  in  a  poorly  fed  tree  the  following  year 
The  failure  of  the  apple  crop  can  often  be  traced  to  poor  nourish- 
ment the  previous  year,  due  to  the  presence  of  the  scab  fungus  on  the 
foliage. 


Fio.  19.~Apple  scab  followed  by  pink  mould.     This  mould  gains  acceaa  through  IniurieB  in  the  skin 
caused  by  the  scab.    This  apple  Is  also  sufterlng  from  injury  by  the  worm  of  the  codling  moth. 

While  there  is  serious  loss  to  the  apple  grower  through  the  attack 
of  the  scab  fungus  upon  the  leaves  and  through  the  prematura  fall 
of  apples  directly  traceable  to  the  scab,  the  presence  of  the  scab 
upon  the  mature  fruit  itself  is  probably  the  most  serious  injury. 
As  was  stated  above,  the  diseased  area  develops  poorly.  Many  scabs 
on  the  apple  thus  result  in  a  marked  diminution  in  the  size  of  the 
fruit ;  but  more  important  than  this  is  the  unsightliness  of  the  dis- 
eased apple,  which  falls  considerably  below  perfect  fruit  in  market 
value.  Examination  of  apples  in  the  bin  in  winter  or  spring  show? 
further  that  in  many  eases  the  scabby  regions  rest  in  the  center  of 
the  rotten  portions.  In  fact,  the  scab  so  destroys  the  skin  of  the 
apple  as  to  permit  the  entrance  of  other  fungi  which  cause  soft 
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rot.  Frequently  whole  barrels  may  be  found  in  which  every  apple 
is  scabby  and  nearly  every  scab  is  surrounded  by  a  rotten  ai'ea,  vary- 
ing in  diameter  from  one-fourth  to  one  inch  or  more,  and  eventually 
involving  the  whole  fruit.  In  such  apples  the 'rot  owes  its  presence 
to  the  scab,  which  prepared  a  way  for  its  entrance  into  the  otherwise 
healthy  fruit. 

Treatment, — Apple  scab  can  be  prevented  by  spraying  with  the 
Bordeaux  mixture.  It  is  advisable  to  spray  from  two  to  four  times, 
according  to  the  season.  The  first  application  should  be  made  just 
before  the  buds  open,  followed  by  a  second  application  when  nearly 
all  of  the  blossoms  have  fallen. '  A  third  application  should  follow 
eight  or  ten  days  later.  Winter  spraying  on  the  doi'mant  wood,  if 
the  ground  be  soft,  may  result  in  injury  to  the  roots  by  the  wheels 
of  the  sprayer. 

The  Bordeaux  mixture  should  be  made  of  four  pounds  of  copper 
sulphate,  four  pounds  of  fresh  lime  (avoid  air  slaked  lime),  and 
fifty  gallons  of  water.  With  the  second  spraying  add  six  ounces  of 
paris  green  or  two  and  one-half  pounds  of  arsenate  of  lead  to  every 
fifty  gallons  of  mixture,  in  order  at  the  same  time  to  prevent  damage 
from  the  codling  moth.  (See  page  73.)  Probably  the  Bordeaux 
mixture  does  not  kill  the  scab  when  it  is  once  upon  the  leaf  or  apple. 
Its  chief  value  lies  in  preventing  the  cUtack,  and  in  checking  the 
spread.  It  should  therefore  be  used  early,  placing  all  value  upon 
prevention  and  expecting  no  actual  cure. 

One  apple  grower  reports  an  increase  of  one  thousand  dollars  in 
product  from  spraying,  at  an  outlay  of  between  $125  and  $160.  In 
the  single  State  of  Illinois,  the  apple  scab  is  estimated  to  have 
caused  $6,000,000  damage  in  one  year,  or  60  per  cent  of  the  total 
loss  to  the  apple  crop  through  all  enemies.  The  value  of  spraying 
is  brought  out  clearly  in  the  following  table,  which  presents  results 
obtained  in  Missouri : 

Sprayed     XJnsprayed. 

Clean  83.5  33.6 

Scabby  16.5  66.4 

Salable 92.9  69.0 

BU6HT  OR  FIBE  BLIGHT. 

(BacUlose). 

The  blight,  while  one  of  the  most  serious  of  pear  diseases  is  much 
lees  injurious  to  the  apple,- although  even  here  it  oftentimes  does       . 
great  damage,  frequently  causing  dead  spots  on  the  trunks  of  t\^ 
trees  and.  blight  of  the  succulent  branches  and.  twigs.  y/ 

Upon  the  twigs  its  presence  may  be  recognized  by  the  black^fhing 
of  the  bark  and  the  wilting  of  the  leaves  as  though  stricken  J^-  fire. 
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In  the  winter  the  diseased  twigs  are  rendered  very  conspicuous  bv 
the  retention  of  the  withered  leaves  long  after  the  healthy  leaves 
have  fallen.  Very  great  damage  also  often  occurs  to  the  blossoms. 
The  crab  varieties  are  especially  susceptible. 

This  diseaise,  being  pre-eminently  a  pear  disease,  is  discussed 
more  fully  under  pear.  It  may  be  said  here  that  the  disease  is 
caused  by  a  germ  belonging  to  the  great  group  of  bacteria.  These 
germs  are  extremely  small  and  multiply  with  very  great  rapidity. 

Under  ordinary  conditions,  the  disease  is  spread  largely  by  insects 
which  visit  the  blighted  twigs  for  the  sweetish  liquid  found  on  the 
bark.  The  insects  then  fly  to  another  twig  or  blossom,  bearing  the 
germs  with  them. 

Treatment. — The  remedy  consists  in  removing  and  burning  all 
of  the  diseased  twigs.  In  doing  this,  great  care  should  be  taken  to 
cut  low  enough  to  insure  the  removal  of  all  germs.  The  limit  of 
the  diseased  portion  can  generally  be  told  by  the  blackening  of  the 
bark,  but  it  is  usually  best  to  cut  a  full  foot  below  the  diseased  part, 
to  avoid  all  possibility  of  leaving  germs  behind.  It  is  also  well  to 
dip  the  knife  in  a  solution  of  carbolic  acid  each  time,  before  cutting 
into  new  twigs,  otherwise,  perchance,  germs  may  be  left  on  the  knife 
to  be  transferred  with  the  next  cuttings  to  other  twigs.  Dipping  the 
knife  in  five  percent  carbolic  acid  precludes  any  such  possibility. 

The  best  time  to  trim  for  the  fire  blight  is  in  the  early  spring, 
when  the  new  wood  is  succulent  and  green.  At  that  time  the  leave? 
and  young  shoots  affected  by  the  disease  may  be  readily  recognized. 
Careful  and  thorough  trimming  during  the  early  spring  and  summer 
will  prevent  the  greater  part  of  the  blight,  but  close  attention  should 
be  given  weekly  through  the  remainder  of  the  year  to  hold  the  diseat^e 
in  check.  In  cases  where  large  branches  are  removed  and  much  sur- 
face exposed,  the  wound  should  be  sealed,  either  with  a  grafting  wax 
or  with  oil  shellac,  to  which  has  been  added  a  little  flowers  of  sulphur 
and  a  few  drops  of  carbolic  acid.  This  mixture  may  be  applied  with 
a  paint  brush. 

It  is  a  matter  of  common  observation  that  trees  in  rich  soil,  which 
grow  too  rapidly,  are  more  often  affected  by  the  fire  blight.  This  is 
due  to  the  fact  that  in  such  conditions  the  twig  is  more  succulent, 
and  hence  less  resistent  to  invasion  by  the  germ.  The  fire  blight 
also  affects  the  pear,  hawthorn  and  service  berry,  and  these  must- 
all  receive  attention  in  order  to  eradicate  the  pest.  (See  Pear, 
page  111.) 

HYPOCHirOSE. 

This  disease  affects  the  apple,  pear  and  quince.  It  has  been  fre- 
q^ntly  referred  to  the  experiment  station  for  diagnosis  and  treat- 
^®^,  and  seems  to  be  one  of  the  worst  diseases  occurring  on  neglected 
trees  '^  the  humid  portions  of  the  State. 
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Viewed  from  some  distance,  trees  in  early  stages  of  hypochnosp 
appear  much  as  do  trees  affected  with  the  ordinary  blight  (bacillose), 
that  is,  the  leaves  on  numerous  twigs  throughout  the  trees  are  dead. 
The  resemblance  is  very  striking  and  to  the  casual  observer  hy- 
pochnose  would  doubtless  pass  for  the  widespread  well-known  fire 
[)light.  Differing  from  blight,  however,  the  leaves,  instead  of  stand- 
ing erect,  usually  droop,  hanging  down  in  dense,  matted  masses. 
The  affection  too,  is  limited  to  the  leaves,  the  twigs  themselves  not 
dying  as  in  the  case  of  the  blight. 

In  later  stages  of  the  disease  most  of  the  affected  leaves  fall  away 
and  the  similarity  to  bacillose  disappears,  the  tree  now  attracting 
attention  chiefly  by  its  scant  equipment  of  leaves.  Closer  inspection 
of  the  twigs  with  the  affected  leaves  shows  each  to  bear  two  char-^ 
aeteristic  structures: 

1.  Roundish  or  oblong  sclerotia  usually  1-8  to  1-6  inch  in  diame- 
ter. These  are  clearly  shown  natural  size  on  the  left-hand  branch 
in  figure  20,  and  somewhat  enlarged  in  figure  21. 


Fia.  20.— Hypochnoae  sclerotia  and  mycelial  ribbona  upon  apple  twigs. 
(Natural  hIzc.) 
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2.  Mycelial  ribbons,  extending  lengthwise  of  the  twigs  and  petioles 
(Figs.  20  and  21). 


Fiu.  21.— Hypochnose  sclerotla  on  apple  twigs.     (Enlarged.) 

These  last  when  youiig  are  white,  but  as  they  age  they  rapidly 
assume  a  characteristic  glistening  brown  appearance.  They  extend 
in  a  general  longitudinal  direction,  and  usually  remain  unbranched 
between  the  nodes,  though,  they  sometimes  branch  and  form  a  net- 
work. Occasionally  branches  diverge  to  courses  leading  around  tht 
twig.  At  the  base  of  each  small  twig  the  ribbon  usually  branches, 
a  portion  of  it  passing  onto  the  smaller  twig. 

Branches  of  these  mycelial  ribbons  also  follow  up  the  stems  and 
the  main  veins  of  the  leaves,  eventually  spreading  out,  separating 
into  single  threads  and  becoming  lost  to  the  naked  eye.  The  mycelial 
ribbons  on  the  older  wood  die  and  often  weather  away,  though  they 
adhere  with  considerable  persistence. 

Upon  the  under  surface  of  affected  leaves  may  be  found,  usually, 
a  more  or  less  dense  net  of  fungous  threads.  In  some  instances  this 
weft  consists  of  a  dense  mat  of  threads,  white  or  smoky,  according 
to  their  age  (Fig.  22  lower  lefthand  leaf),  in  other  cases  the  net- 
work may  be  so  sparse  as  to  be  imperceptible  to  the  naked  eye. 
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The  twigs  bearing  the  fungus  do  not  die  from  its  presence.  They 
seem  to  be  injured  only  indirectly  through  the  effect  of  the  fungus 
upon  the  leaves. 


.  Fia.  22.— Apple  twlc  showing  characteristic  matting  of  dead  leaves  held  together  by  dense  growt 
of  mycelium;   twigs  and  leaves  densely  covered  by  sclerotia  and  mycelium. 


Digitized  by  LjOOQIC 


94  N.  C.  AGRICULTURAL  EXPERIMENT  STATION. 

Leaves  bearing  the  fungus  turn  brown  and  die.  Since  they  droop 
in  dying  they  thus  often  come  in  contact  with  other  leaves  and  the 
fungus  is  afforded  a  ready  means  of  migration  to  the  new  victim; 
which  in  turn  rapidly  succumbs.  If  humid  conditions  prevail,  the 
fungus  grows  with  great  rapidity  and  vigor  between  the  matted 
masses  of  leaves,  and  fastens  the  dead  leaves  somewhat  firmly  to- 
gether, thus  furnishing  one  of  the  distinguishing  characteristics  of 
the  disease  (Fig.  22). 

The  development  of  the  fungus  in  early  spring  has  not  been 
studied,  but  it  is  clear  that  the  sclerotia  are  hibernating  structures, 
and  that  in  spring  they  serve  as  the  initial  points  for  new  invasion. 
The  spread  of  the  fungus  from  point  to  point  is  qhiefly  by  means  of 
the  ribbon-like  structures  which  .serve  the  purpose  so  admirably  that 
by  mid-summer  the  uppermost  buds  are  reached  and  already  over- 
laid by  sclerotia  ready  to  carry  the  invasion  on  again  to  another* 
season.  The  work  of  the  sclerotia  is  so  completely  done  that  rarely, 
if  ever,  does  the  parasite  allow  the  escape  of  any  of  the  branches 
originating  from  a  twig  upon  which  the  fungus  has  established  itself. 
Unless  saved  by  outside  aid,  to  be  once  infected  is  to  be  always 
infected. 

In  North  Carolina  this  disease  has  been  collected  on  apple  at 
Horseshoe,  Addie,  Franklin,  Hayesville,  Marshall,  Murphy,  Robbins- 
ville,  Sylva,  Horseshoe,  Bryson  City,  Fatima,  Newton,  Eufola,  Mt. 
Airy,  Spruce  Pine,  Rutherfordton,  Chimney  Rock;  on  the  pear 
at  Sly va ;  on  the  quince  at  Horseshoe.  It  prevails  generally  through- 
out the  mountain  section  of  North  Carolina,  but  that  it  is  not  limited 
to  the  mountains  is  shown  by  the  fact  that  specimens  with  com- 
plaints of  damage  have  also  been  sent  to  the  experiment  station 
from  the  coastal  plain  region.  Its  presence  is  also  known  in  the 
mountains  of  West  Virginia  and  Alabama.  The  disease  occurs  with 
much  greater  dcstructiveness  in  humid  localities,  such  as  the  moun- 
tain valleys  where  the  dew  is  excessive  and  morning  fogs  prevail, 
and  it  seems  probable  that  it  is  of  Wide  distribution  where  these  con 
ditions  obtain. 

Treatment. — The  fungus,  wintering  in  a  purely  superficial  man- 
ner upon  the  twigs  and  depending  to  but  slight  degree  upon  spore?, 
will  probably  give  way  to  thorough  dormant  sprayings.  The  fact 
that  the  disease  has  not  been  noted  upon  sprayed  orchards,  indicates 
the  efHcacy  of  such  treatment. 

LEAF  SPOTS. 

The  apple,  especially  in  the  western  part  of  the  State,  is  very 
subject  to  a  leaf  spot,  the  character  of  which  is  well  shown  in  Fig. 
2;^.  The  spots,  irregular  in  outline  but  roughly  circular,  are  tan 
colored  and  dead.     The  border  between  healthy  and  diseased  tissue  is 
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very  definite,  and  usually  the  spot  bears  a  series  of  more  or  less  con- 
centric lines. 

Several  of  these  spots  upon  a  leaf  largely  diminish  its  starch  pro- 
ducing power  and  thus  injure  its  value  to  the  tree.  When  badly 
spotted  the  diseased  leaves  fall  and  almost  complete  defoliation  not 
infrequently  results,  with  large  injury  to  the  yield  in  succeeding 
years.  This  is  one  of  the  worst  forms  of  apple  disease  occuring  in 
the  western  part  of  this  State. 

The  spots  are  of  fungous  origin,  perhaps  one,  but  probably  several, 
species  of  fungus  being  responsible  for  them. 


Fig.  23.— Apple  leaf  spot.  In  late  Atage  of  development,  showing  concentric  rings. 

TrecUment. — The  leaf  spot  is  readily  controlled  by  thorough  spray- 
ing with  Bordeaux  mixture,  as  is  recommended  for  apple  scab. 

APPLE  BUST. 

(  Gymnosporan{iiose ) . 

The  apple  rust  may  be  readily  recognized  by  its  characteristic 
yellowish  orange  spot  on  the  leaves  and  more  rarely  upon  the  fruit. 
This  spot,  yellowish  green  at  first,  gradually  becomes  darker,  ap- 
proaching orange.     Upon  close  examination,  the  upper  surface  of 
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an  old  spot  is  seen  to  bear  numerous  black  pustules,  smaller  than  a 
pin-hole,  while  upon  the  lower  surface  of  the  diseased  spot  there 
appear    rough,    wart-like  protuberances   (Fig.   24).      This  spot  is 


Fig.  24.— An  apple  leaf  affected  with  apple  ruat,  view  from  below. 

sometimes  so  abundant  that  its  presence  upon  orchards  at  great  dis- 
tances may  be  recognized  by  the  characteristic  hue  imparted  to  the 
foliage  mass  as  a  whole.  It  is  needless  to  say  that  such  rust  of  the 
leaf  robs  the  tree  of  nourishment  and  renders  perfect  fruitage  im- 
possible. 

This  disease  is  due  to  a  fungus  growing  in  the  leaf,  and  in  this 
case  a  peculiar  relation  similar  to  that  exhibited  by  the  wheat  rust 
obtains,  in  that  the  fungus  spends  part  of  its  life  on  one  plant,  the 
apple,  and  the  remainder  upon  a  totally  different  plant,  namely,  the 
red  cedar.  The  fungus  summers  upon  the  apple  tree  or  its  near 
relations,  the  crab  apple,  cultivated  or  wild,  and  toward  the  approach 
of  winter  spores  from  the  apple  trees  are  carried  by  the  wind  to 
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adjacent  juniper  or  red  cedar  trees.  Here  the  fungus  grows  and 
causes  what  is  familiar  to  every  country  boy  under  the  name  of 
cedar  apple  (Fig.  25).  The  red  cedar  tree  is  the  alternate  host  of 
the  apple  rust. 


Fiu.  26. — Cedar  apple,  the  winter  condition  of  apple  rust  as  it  grows  upon  the  oedar  tree. 

In  the  spring  the  cedar  apple  sends  forth  gelatinous  horn-like  pro- 
jections, each  bearing  thousands  of  spores,  which,  when  conveyed  by 
the  wind  to  the  apple  tree,  may  cause  the  apple  rust.  Evidence  that 
this  relation  really  exists  is  easily  found  if  one  examines  an  orchard 
having  one  or  more  red  cedar  trees  upon  its  windward  boundary. 

There  is  much  difference  in  susceptibility  to  this  disease  among 
(liflFerent  varieties.  Often  some  varieties  of  the  orchard  rust  badly 
while  other  varieties  are  entirely  free  of  rust.  Winesap,  Gano,  Ben 
Davis,  York  Imperial  and  Duchess  are  especially  resistent,  while 
Jonathan,  Wealthy,  Red  June  and  Whiting  are  susceptible. 

Treatment, — It  is  evident  that  the  more  red  cedar  trees  there 
are  in  the  neighborhood  of  the  orchard,  especially  to  the  windward, 
the  more  probability  there  is  of  damage  from  the  rust.  The  rational 
treatment,  therefore,  is  to  remove  all  those  trees  if  possible. 
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It  is  known  that  in  rare  instances  spores  may  be  carried  several 
miles,  but  orchards  may  be  rendered  reasonably  secure  if  all  possi- 
bility of  infection  from  the  immediate  neighborhood  is  cut  off.  b 
case  the  red  cedars  are  too  numerous,  or  if  for  other  reasons  it  i«! 
impossible  to  cut  them,  spraying  as  recommended  for  the  apple  scab 
will  probably  lessen  the  evil  though  spraying,  for  this  disease  gives 
rather  uncertain  results. 

BITTER  OR  RIPE  ROT. 

{Qlomerellose), 
This  rot,  as  its  name  implies,  imparts  a  bitter  taste  to  the 


Fig.  26. — Apple  ri|>e  rot.    Note  spore-bearing  pustules,  especially 
abundant  near  the  center  of  the  spot. 

in  the  region  of  the  decay.     It  is  found  abundantly  upon  the  ripe 
fruit,  although  by  no  means  limited  to  such. 


Ficj.  27.— Apple  ripo  rot:  somnwhat  later  stage 
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The  decayed  spots  may  occur  either  singly  or  in  considerable  num- 
ber on  the  apple,  and  if  watched  from  day  to  day  they  may  be  seen 
to  enlarge  rapidly,  spreading  from  the  center  outwards,  thus  main- 
taining a  circular  form  (Fig.  26).  As  the  spot  enlarges,  small 
pustules,  usually  arranged  in  concentric  lines  (Fig.  27),  appear  near 
the  center.  As  these  pustules  grow  older,  they  break  and  assume  a 
pinkish  hue,  which  is  quite  characteristic  of  this  disease.  The  rot 
^adually  advances  until  the  whole  apple  becomes  involved,  it  being 
changed  into  a  shrunken,  worthless  mass  (Fig.  28). 


Fig.  28.— Athanced  stage  of  ripe  rot. 

This  disease  is  of  fungous-  origin.  Spores  fall  upon  the  surface 
of  the  apple,  germinate,  and  penetrating  the  skin,  develop  a  my- 
celium in  the  underlying  tissue.  The  small  pustules  seen  on  the 
surface  of  the  decayed  spots  are  clusters  of  spores  which  may  be 
washed  off  by  the  first  rain,  to  infect  new  fruit.  That  the  disease  is 
contagious  can  readily  be  proved  by  inserting  a  few  of  these  spores 
under  the  skin  of  the  healthy  apple  which  will  then  decay  rapidly. 
Warm,  wet  weather  favors  the  disease. 

This  disease  is  particularly  prevalent  in  the  South  and  has  longj 
been  of  serious  damage  in  North  Carolina,  although  we  have  no 
accurate  estimate  as  to  the  exact  injury  elone.  It  has  been  noted 
in  very  destructive  form  in  the  piedmont  and  mountain  sections, 
and  in  many  instances  is  responsible  for  the  failure  of  the  apple 
crop  in  these  regions.  In  many  cases  the  entire  crop  is  lost  through 
its  ravages.  In  the  State  of  Illinois  in  It^UO,  it  was  estimated  that 
$1,500,000  worth  of   fruit   was   dtstroytd   upon   the   trees  in  four 
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counties  alone.  Professor  Burrill  says,  ''There  is  no  other  disease 
that  is  so  etiormoiisly  destructive  to  the  apple  fruit  as  the  one  com- 
monly called  the  bitter  rot." 

In  1902,  R.  S.  Simpson  and  T.  J.  Burrill,  of  Illinois,  and  H.  Von 
Schrenk  and  Perley  Spaulding,  of  the  U.  S.  Department  of  Agri- 
culture, independently  proved  that  the  same  fungus  that  causes  the 
bitter  rot  also  causes  what  may  be  known  as  the  bitter  rot  canker 
on  apple  tree  twigs. 

The  bitter  rot  canker  which  often  starts  from  a  bruise,  consists 
of  a  sunken  bark  wound,  from  two  to  four  inches  long,  with  a  ragged 
border.  It  is  usually  found  on  limbs  a  half  an  inch  in  diameter  or 
larger,  though  it  sometimes  grows  on  smaller  twigs.  The  attack 
seems  to  be  limited  to  the  bark,  as  the  wood  is  not  injured.  Careful 
inoculations  have  proved  that  the  spores  taken  from  the  bitter  rot 
of  the  apple  cause  the  canker  of  the  twig,  and  that  spores  taken  from 
the  canker  cause  the  bitter  rot  of  the  fruit.  Moreover,  in  the 
orchards  it  is  noticeable  that  early  in  the  season  apples  suffering 
from  the  bitter  rot  are  usually  affected  first  on  their  upper  surface, 
and  that  above  such  affected  apples  we  may  often  find  the  apple 
canker.  Indeed,  there  seems  to  be  complete  proof  that  the  infection 
of  each  season  starts  with  the  canker,  the  spores  Joeing  washed  down 
by  rain  to  the  apples  below.  It  thus  happens  that  the  diseased 
apples  of  a  given  portion  of  a  tree  are  often  arranged  in  the  form  of  a 
cone,  and  that  at  the  apex  of  this  cone  is  a  bitter  rot  canker,  the 
initial  source  of  infection. 

Treatment, — It  follows  from  the  relations  existing  between  the 
apple  canker  and  the  bitter  -rot  of  the  fruit  that  the  same  treatment 
should  be  employed  for  each,  and  that  the  prevention  of  the  canker 
means  also  the  prevention  of  the  rot.  The  orchard  should  be  care- 
fully and  systematically  inspected  and  all  cankers  removed,  thu? 
doing  away  with  the  source  of  infection.  In  addition  to  this,  great 
care  should  be  exercised  at  time  of  pruning  and  picking,  to  avoid 
bruising  the  bark  of  the  twigs  and  thus  to  a  great  extent  prevent  tho 
development  of  the  canker  on  the  tree.  It  is  advisable  to  apply 
copper  sulphate,  1  pound  to  18  gallons  of  water,  to  the  twigs  and 
branches  in  winter,  and  to  spray  as  is  reconimended  for  apple  scab, 
placing  especial  emphasis,  however,  upon  that  late  spraying  when 
the  fruit  is  quarter  to  half-grown,  and  substituting  ammoniacal  cop- 
per carbonate  or  Burgundy  mixture  for  the  last  spraying  in  order  to 
avoid  spotting  the  fruit. 

BLOTCH. 

'  (Phyllostictose) . 

The  blotch,  while  seriously  destructive  in  some  sections  of  thp 
United  States,  has  not  yet  injured  the  fruit  in  North  Carolina  to 
any  appreciable  extent,  though  it  occurs  in  abundance  upon  the  twigs 
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producing  small  bark  cankers.  These  however  have  not  as  yet  been 
injurious. 

The  presence  of  the  disease  upon  the  twigs  may  result  in  an  out- 
break of  the  more  serious  fruit  disease  at  any  time  that  climatic 
conditions  become  favorable  to  the  growth  of  the  fungus. 

Upon  the  fruit  this  disease  may  be  recognized  as  dark  colored 
spots  of  very  irregular  fringed,  jagged  outline  (Fig.  29),  a  half  inch 


FiQ.  29.— Apple  blotch.    Note  irregular  boundary  of  the  dlaeased  spots. 

(>r  less  in  diameter.  When  seriously  affected  the  apple  cracks,  the 
cracks  reaching  even  to  the  core.  Minute  black  pycnidia  may  be 
noted  in  the  center  of  the  older  spots. 

Upon  the  youngest  twigs  small  tan  colored  dead  spots  in  the  bark 
appear.  These  bear  numerous  small  pycnidia.  These  bark  spots 
are  very  sharply  bordered  and  are  readily  recognized  from  Fig.  30. 
As. the  twigs  thus  affected  grow  older  the  spots  enlarge  to  superficial 
cankers,  often  several  inches  long;  areas  with  the  bark  rough  and 
flaking  off. 

Treatment — Four  applications  of  Bordeaux  mixture,  the  first, 
three  to  four  weeks  after  the  petals  fall ;  the  second,  four  weeks  later ; 
the  third  and  fourth,  at  intervals  of  three  weeks  thereafter,  are 
usually  sufficient  to  control  the  disease.  Cankered  twigs  should  be 
removed  and  burned. 

OTHER  CANKERS. 

There  are  several  other  types  of  bark  wound  or  diseases  which 
are  grouped  under  the  general  term  of  canker.  These  all  have  a 
general  resemblance  to  the  bitter  rot  canker,  yet  show  slight  specific 
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Pia.  30. 


-Apple  blotch  canker;    at  right  one  year-old  twig  showing  aeveral  young  cankers: 
at  left,  older  twig  showing  more  mature,  rougher  canker. 


differences.     The  injury  is  at  first  local,  but  frequently  results  hwr 
in  the  death  of  the  affected  limb. 

Treatnieni, — As  these  are  caused  by  fungi  which  enter  througli 
a  bruise  or  injury,  three  preventive  measures  are  suggested: 

1.  Destroy  cankered  limbs  to  reduce  the  sources  of  infection. 

2.  iVvoid  bruises  and  wounds  of  all  kinds. 

3.  Spray  with  Bordeaux  to  prevent  germination  of  spores. 

BLACK  BOT. 

{Sphaeropsose.) 

This  disease  of  the  apple  looks  very  much  like  the  bitter  rot,  ?o 
much  like  it,  indeed,  that  it  would  be  impossible  to  distinguish  one 
from  the  other  in  an  illustration.     However,  the  black  rot  pos$e^^^ 
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a  prevailing  blackish  hue,  while  the  bitter  rot,  though  rarely  black, 
is  commonly  reddish  or  pinkish.  The  spore  pustules  of  the  black 
rot  are  black,  while  in  the  bitter  rot  they  are  pink.  In  other  details 
the  two  rots  closely  resemble  each  other.  The  black  rot  is  abundant 
on  green  apples  which  frequently  fall  owing  to  its  attack.  Some- 
times also  it  is  serious  on  ripe  apples  and  on  fruit  in  market.  The 
fungus  which  causes  this  disease,  like  the  bitter  rot,  also  causes  a 
canker  on  the  bark  of  twigs. 

Treatment — Methods  of  eradication  should  look  to  elimination  of 
the  t»anker,  and  spread  of  the  disease  should  be  checked  by  the  use 
of  the  Bordeaux  mixture. 

SOFT  BOTS. 

There  are  numerous  kinds  of  soft  rots  which  affect  ripe  apples 
in  the  bin.  These  are  all  due  to  fungi,  which  effect  an  entrance  into 
the  apple  through  bruises  or  breaks  in  the  skin.  Once  inside  the 
skin,  the  fungi  grow  rapidly  throughout  the  fruit,  converting  it  into 
an  impalatable,  disagreeable  mass.  The  jfungus  then  proceeds  to 
spore  formation,  and  apples  in  the  latter  condition  of  decay  are 
covered  with  veritable  forests  of  fungous  hyphce  laden  with  spores. 
If  a  healthy  apple  lies  in  contact  with  such  an  affected  apple,  it  also 
will  succumb. 

Treatment. — Very  little  can  be  said  regarding  the  protection  of 
fruit  from  these  soft  rots,  other  than  to  emphasize  the  need  of  care 
to  preserve  the  skin  of  the  apple  in  sound  condition,  since  bruises  or 
cuts  render  the  entrance  of  the  fungus  possible.  Cold  storage  retards 
the  growth  of  the  fungi. 

POWDERY  MILDEW. 
(Podosphaerase. ) 

The  powdery  mildew  is  a  disease  of  apples  which  is  of  most  injury 
to  nursery  stock,  often  becoming  so  serious  as  to  prohibit  success- 
ful budding.  The  use  of  the  ammoniacal  solution  of  copper  carbonate 
as  the  leaves  unfold,  and  continued  at  intervals  of  two  weeks  until 
budding  time,  will  effectively  prevent  this  disease. 

APPLE  SCURF. 
(Phyllostictose  ) . 

This  disease  was  first  described  in  the  Thirtieth  Annual  Report 
of  this  Station.  It  has  been  under  observation  for  several  years, 
and  has  been  sent  to  the  station  with  inquiries  from  two  different 
sections  of  the  State. 

The  first  specimen  was  received  from  Watauga  County,  N.  C, 
in  May,  1905.  The  chief  symptom  is  a  shrinking  of  the  bark,  in- 
chiding  the  epidermis,  in  such  manner  that  minute  air  spaces  are 
left  immediately  below  the  cuticle,  giving  to  the  affected  region  a 
silvery  gray  appearance.     CIoho  examination,  especially  with  the  aid 
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of  a  lens,  shows  the  presence  of  myriads  of  minute  black  pycuidia 
scattered  throughout  the  affected  region.  Such  a  condition  may 
extend  over  large  areas  on  twigs  one,  two  or  three  years  of  age. 
The  seriousness  of  the  disease,  the  amount  of  damage  done,  is  un- 
known. That  the  condition  has  attracted  the  attention  of  practical 
apiple  growers  to  sufficient  extent  to  cause  them  to  submit  specimens 
for  diagnosis  indicates  that  the  injury  is  at  least  appreciable  to  the 
apple  growers  of  the  State.  Death  of  the  infected  twigs  does  not 
always  seem  to  follow  infection.  The  disease  is  limited  to  the  bark, 
and  is,  therefore,  slow  to  cause  death. 

Treatment, — Spraying  and  close  pruning  of  affected  branches  will 
probably  lead  to  control  of  this  disease. 

BROWN  BOT. 

(Sclerotiniose). 

The  brown  rot  upon  the  fruit,  while  serious  in  Europe,  has  not 
been  destructive  in  North  Carolina,  though  it  has  been  seen  in  a  few 
orchards. 

The  diseased  spot  ttirns  tan  colored,  becomes  soft  and  rotten.  As 
the  spot  ages  it  becomes  coated  with  a  brown  fuzzy  coat  (Fig.  31) 
similar  to  that  so  often  seen  upon  rotting  plums  or  cherries. 


Fia.  31.— Apple  brown  mould  (sclerotiniose).    This  rot  waa  produced  b^  Inoculation. 
Note  that  tlie  mould  appears  forming  the  letters  A.  M.  C. 

No  treatment  seems  necessary.  Diseased  fruits  should  be  fed  to 
stock  to  prevent  infection  in  succeeding  years. 

TOLUTELLA  ROT. 

(Volutellose), 

A  black  rot  of  appks,  closely  imitating  in  appearance  that  caused 
by  Spaeropsis,  but  diffc  rinc:  from  sphaeropsose  in  several  details, 
has  been  observed  frequently  in  various  sections  of  this  State  on 
native  apples  and  on  apples  shipped  into  the  Sta*fe^^^y^^^8^^ 
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In  general  appearance  the  disease  consists  of  a  rotten  black  spot, 
the  spot  increasing  in  size  until  it  eventually  encompasses  the  whole 
fruit.  The  central  and  older  portions  of  the  decayed  region  are  of 
an  intense  coal  black  color.  The  younger  region  of  the  spot,  its 
outer  border,  a  zone  about  five-eights  of  an  inch  wide,  is  brownish. 

Close  inspection  reveals  the  presence  of  slightly  elevated  pimple- 
like places  in  the  skin.  These  are  found  within  about  one-fourth 
of  an  inch  of  the  edge  of  the  spot,  and  are  larger  and  more  pro-^ 
nounced  near  the  center  of  the  spot,  indeed  the  black  color  of  the 
spot  seems  to  be  due  to  the  thick  setting  of  these  black  pimples  all 
over  its  surface.  In  many  instances,  unless  the  spot  be  quite  old, 
no  other  development  is  seen  and  the  disease  might  readily  be  mis- 
taken for  the  ordinary  black  rot,  sphaeropsose,  and  doubtless  ofteri 
passes  for  it.  In  older  spots,  however,  the  pimples  break  through 
the  cuticle  of  the  apple  and  each  pimple  appears  as  a  small  wart- 
like excrescence.  A  good  lens  then  shows  that  it  is  thickly  set  with 
stiff  black  hairs.  These  hairs  constitute  the  distinctive  character  of 
this  disease  and  serve  to  separate  it  with  ease  and  certainty  from 
sphaeropsose. 

On  slicing  the  apple  open  it  is  seen  that  the  zone  most  recently 
invaded  is  brownish,  while  all  of  the  older  portion  is  black  (Fig.  32). 


Fia.  32.— Volutella  rot  In  aection. 


While  the  decayed  portions  are  softer  than  the  healthy,  this  is  in 
no  sense  a  wet  rot,  the  softness  being  due  to  a  spongy  dryness  rather 
than  to  any  watery  breaking  down  of  tissue.     Upon  microscopic 
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examination  the  cells  of  the  old,  dark,  diseased  portion  of  the  apple 
are  found  to  be  filled  with  a  tangled  mass  of  black  or  dark  browi! 
fungous  threads  (Fig.  33)  which  are  richly  septate  and  much 
branched. 


FiQ.  33.— Cell  invaded  by  mycelium. 


As  the  spot  ages  the  mycelium  develops  more  abundantly  in  a  few 
layers  of  cells   immediately   under  the  cuticle   (Fig.   34).      From 


Fig.  34.— Palisade  arrangement  of  hyph». 


this  layer  of  tangled  mycelium  there  develops  a  cushion  of  hv7)hir. 
and  from  these  the  sporodochium,  characteristic  of  the  fungus  (Fig. 
35).     In  these  the  spores  are  borne. 
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Fig.  35.— Sporodochia  in  section. 

Treatment.-^— It  is  probable  that  the  sprayings    usually    recom- 
mended for  scab  and  black  rot  will  be  effective  in  controlling  this  rot. 

FRUIT  ROT. 

(Coniothyriose). 

'  The  rotten  spot  is  circular  in  uniform  tissue,  brownish,  about  the 
color  of  the  common  soft  rot,  and  due  to  loss  from  evaporation,  the 
tissue  .shrinks  as  the  spot  ages,  leaving  the  surface  much  wrinkled 
(Fig.  36).     Distributed  somewhat  sparsely  and  irregularly  over  the 


Fia.  36.— ConlothjTlum  rot. 


spot  are  the  fruiting  cavities  of  the  fungus  (pycnidia)..    In  rotten 
spots,  produced  by  inoculation,  the  pycnidia  frequently  p§?uin?u  a 
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somewhat  concentric  arrangement.  Proceeding  from  the  innermost 
pycnidia  toward  the  edge  of  the  spot  the  pycnidia  become  smaller, 
none  at  all  being  found  near  the  edge  of  the  diseased  tissue. 

Upon  sectioning  through  a  diseased  spot  the  flesh  of  the  fruit  is 
seen  to  be  rotten,  brownish  and  soft  (Fig.  37),  not  black  or  dry. 
as  is  the  case  with  the  volutella  rot. 


Fia.  37.— Conlothyrlum  rot  In  section. 

Microscopic  examination  shows  the  diseased  tissue  to  be  thoroughly 
invaded  with  a  thin  branching  mycelium. 

When  this  disease  is  upon  twigs,  the  terminal  portions  of  recent 
growth  die,  the  bark  shrinks  and  shrivels,  turns  black  and  at  the  line 
of  demarkation  between  diseased  and  healthy  tissue  cracks  (Fig. 
38).  The  general  appearance  of  such  a  twig  is  much  like  that 
caused  by  the  fire  blight,  but  is  readily  distinguished  by  the  presence 
of  very  numerous,  minute,  pimple-like  pustules,  the  pycnidia,  dis- 
tributed over  the  dead  part. 

The  significance  of  this  fungus  upon  twigs  is  twofold:  (1)  As  a 
cause  of  the  twig  blight ;  (2)  as  a  source  of  infective  material, 
spores,  to  transmit  the  rot  to  the  fruit. 

Treatment. — Spraying  coupled  with  careful  pruning  out  and  burn- 
ing of  diseased  twigs  and  branches  will  doubtless  serve  as  a  mean? 
of  control  of  this  rot,  both  of  branches  and  fruit. 
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Fio.  38.— Coniothyrlose  of  twigs. 
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FLY  SPECK. 

(Leptothyriose), 
This  is  well  illustrated  in  Fig.  39. 


Fio.  39.— Apple  fly  speck.    A  superficial  fungus  of  minor  importance. 

The  disease  is  prevented  by  the  eombined  spraying  given  below. 

1.— COMBINED  TREATMENT  FOR  APPLE  DISEASES. 

1.  Use  all  eare  to  avoid  bruising  bark  or  breaking  the  limbs  ar'l 
thus  opening  the  way  to  eanker  causing  fungi. 

2.  Use  clean  culture.  Clean  up  and  burn  all  diseased  parif. 
leaves,  fruit,  twigs,  etc.,  to  lessen  infection  the  succeeding  year. 

3.  Inspect  the  trees  carefully  for  cankers  and  blighted  parts  of  anv 
kind ;  cut  them  out  and  burn  them  to  diminish  infection. 

4.  If  diseases  that  winter  upon  the  bark  (hyphocnose,  etc.)  are 
present,  use  a  dormant  spray,  Bordeaux  mixture,  blue  stone,  or  a 
lime-sulphur  wash. 

5.  Beware  of  the  proximity  of  cedar  trees. 

6.  Employ  spraying  mixtures.  Bordeaux  mixtures  4-4-50  for  tho 
earlier  sprayings ;  ammoniacal  copper  carbonate  or  Burgundy  mix- 
ture for  the  latter  sprayings  when  spotting  of  the  fruit  is  to  1^- 
avoid(^d.  Spray  thoroughly  with  proper  regard  for  weather  t\^i^- 
ditions. 

Spray : 

1st.   Before  the  blo^^soms  open. 

2d.  Immediately  after  the  blossoms  fall. 

3d.  About  three  to  four  weeks  later. 

4th.  About  four  weeks  later. 

5th.   About  three  weeks  later.  Digitized  by  GoOglc 

6th.   AlK)ut  three  weeks  later. 
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2.— FUNGOUS  DISEASES  OF  THE  PEAR. 
BLIGHT. 

(Bacillose). 

The  affected  tree  with  its  shriveled  branches  and  shrunken,  black- 
ened twigs  gives  the  impression  of  injury  by  fire.     In  many  cases 
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even  whole  orchards  have  succumbed.  One  pear  grower  near  Wash- 
ington, D.  C,  estimated  his  damage  from  this  one  disease  in  one 
year  at  $10,000.  The  disease  is  widely  known  and  is  present  in 
every  county  of  this  State. 

During  winter  the  disease  may  best  be  recognized  by  the  fact  that 
the  leaves  of  the  diseased  twigs  do  not  fall  as  do  those  of  the  healthy 
twigs.  In  the  early  spring,  when  the  disease  is  most  a^ressive,  the 
blighted  twigs  are  known  at  a  glance  by  their  shriveled,  darkened 
leaves,  while  on  closer  examination  the  black  bark  attests  clearly  to 
the  presence  of  the  blight. 

This  disease  has  been  known  since  1780,  and  affects  the  apple, 
quince,  hawthorn  and  plum  as  well  as  the  pear.  It  appears  some- 
times as  twig  blight,  and  at  other  times  as  flower  blight. 

Many  theories  as  to  the  nature  or  cause  of  blight  have  been  ad- 
vanced, among  which  might  be  mentioned  those  depending  upon 
electrical  or  atmosphere  influences,  freezing  of  the  bark,  too  long 
culture  of  particular  varieties,  freezing  of  the  roots,  too  high  culture, 
insects,  absence  of  needed  food  and  fungi.  One  of  the  most  promi- 
nent among  these,  put  forward  by  the  ^ell-known  apple  expert. 
Downing,  was  known  as  the  "frozen  sap  theory,"  according  to  which 
the  disease  was  due  to  the  freezing  arid  thawing  of  the  sap,  result- 
ing in  a  loss  of  vitality  and  a  development  of  poisons  in  the  tissues. 
It  is  unnecessary  to  discuss  any  of  those  theories  further  than  to  say 
that  by  none  of  them  could  all  the  facts  be  explained. 

In  1878,  Eurrill  discovered  in  the  diseased  twig  many  minute 
living  germs,  bacteria.  He  transferred  wood  and  bark  from  diseased 
twigs  bearing  these  germs  into  healthy  twigs  and  found  that  the 
blight  was  also  transferred.  Arthur  later  cultivated  the  germs  for 
several  generations  in  nourishing  substance  and  then  inoculated  them 
into  healthy  trees  and  produced  the  disease.  The  fact  now  seems 
clearly  established  that  it  is  the  se  bacteria  that  cause  the  blight. 

We  must  realize  that  the  baekria  are  only  about  one  twenty-five 
thousandth  of  an  inch  long.  They  grow  in  the  juicy  succulent  twigs? 
particularly  in  the  cambium,  that  juicy  part  of  the  stem  lying  be- 
tween the  bark  and  the  wood.  They  have  no  independent  means  of 
passing  from  tree  to  tree  and  for  transportation  are  almost  entirely 
dependent  upon  insect  visitors  which  frequent  the  diseased  twigs  in 
order  to  secure  a  sweetish  solution  which  exudes  from  their  surface 
in  drops.  These  drops  are  teeming  with  bacteria,  and  the  insect 
visitors  carry  on  their  feet  thousands,  even  millions,  of  them  which 
infect  the  next  tree  visited.  By  insects  the  disease  is  often  conveyed 
to  the  blossom,  which  being  an  especially  succulent  and  tender  por 
tion,  furnishes  ready  access  as  well  as  suitable  conditions  for  the 
developnaent  of  the  germs. 
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It  thus  happens  that  the  disease  spreads  rapidly,  doing  most  dam- 
age in  spring,  owing  both  to  the  prevaleneq  then  of  the  succulent 
steins  and  branches  and  to  the  more  ready  insect  transportation. 

It  is  a  matter  of  common  observation  among  pear  growers  that 
trees  in  too  rich  soil  are  more  susceptible.  This  is  entirely  explain- 
able from  the  fact  that  such  soil  produces  a  greater  amount  of  suc- 
culent, rapidly  growing  shoots.  So  too  any  cause,  such  as  too  much 
pruning,  too  high  fertilization  or  cultivation,  or  anything  tending 
to  promote  too  rapid  growth,  favors  the  blight.  Such  conditions  are 
to  be  avoided,  thus  lessening  the  liability  to  infection ;  yet  this  advice 
must  not  lead  too  far,  or  the  tree  will  suffer  from  maladies  other 
than  the  blight. 

The  proper  way  to  eradicate  the  blight  is  to  remove  the  source  of 
infection.  To  do  this,  one  must  remove  from  the  vicinity  all  in- 
fected wood,  must  cut  out  and  burn  all  diseased  twigs,  leaves  or 
branches,  either  on  the  pear,  apple,  quince,  hawthorn,  plum,,  or 
related  trees,  which  might  otherwise  furnish  bacteria  for  the  insects 
to  carry  to  other  trees.  If  this  be  done,  and  done  thoroughly,  the 
disease  can  be  controlled.  A  prominent  fruit  grower  said  recently 
that  no  man  with  a  sharp  knife  need  fear  the  blight. 

The  proper  time  to  cut  is*  whenever  affected  branches  are  seen. 
In  the  early  spring  when  the  diseased  foliage  is  especially  easy  to 
recognize,  is  a  favorable  time.  Subsequent  inspection  should  be 
made  weekly  and  all  blight  that  is  found  should  be  removed.  It  is 
well  to  cut  at  least  a  foot  below  the  affected  region,  since  all  germs 
must  be  removed  to  secure  safety.  The  greater  part  of  the  blight 
will  be  removed  without  difficulty  by' one  thorough  fall  and  spring 
pruning,  but  this  is  useless  unless  followed  up  by  careful  weekly 
pruning  throughout  the  summer. 

Whenever  limbs  are  cut  off  or  bruises  made,  it  is  necessary  to 
cover  the  wound  with  paint,  grafting  wax  or  some  other  compound 
(see  page  90),  to  prevent  the  access  of  rot-causing  fungi  and  blight 
bacteria. 

If  the  pruning  knife  at  any  time  cuts  into  the  diseased  wood,  it 
will  become  smeared  with  germs.  These  should  be  killed  by  dipping 
the  knife  into  carbolic  acid  or  corrosive  sublimate  solutions  (  1  part 
to  1000)  before  cutting  again  into  healthy%wood. 

ANTHRACNOSE. 

(Colletotrichose). 

This  disease  was  first  seen  in  1892  by  the  writer  on  a  pear  tree 
in  New.  Jersey,  where  it  destroyed  nearly  every  fruit  on  the  tree. 
It  is  very  serious,  but  fortunately  not  of  frequent  occurrence.  It 
has  not  yet  been  recorded  in  this  State.  In  nature,  cause  and  appear- 
ance, it  closely  resembles  the  ripe  rot  of  the  apple  (glomjerellose), 
and  the  treatment  is  the  same  as  for  that  disease.    gitizedbyVjUuyit: 
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PEAR  RUST. 

( Gymnosporangiose ) . 

The  rust  of  the  pear  is  very  similar  in  nature  to  the  rust  on  the 
apple  whieh  has  been  discussed  on  another  page  in  this  bulletin. 
It  consists  of  two  stages,  a  summer  stage  and  a  winter  stage.  Th<* 
summer  stage  produces  the  rust  on  the  leaves  of  the  pear,  while  ihe 
winter  stage  forms  the  familiar  cedar  apple. 

The  remedy,  as  in  the  case  of  the  apple,  consists  in  removing  all 
cedar  trees  from  the  neighborhood  of  the  pear  orchard,  thus  eliminat- 
ing the  source  of  infection.  When  this  is  impossible,  the  pear  tree? 
should  be  sprayed  with  the  Bordeaux  mixture  immediately  after  the 
early  rains  yvhich  cause  the  gelatinous  horns  on  the  cedar  apple. 

This  disease  of  pears  is  particularly  abundant  upon  varieties  ol 
the  Japanese  strain. 


Fig.  41.-  Pear  canker  (s'pharropsls).  At  right  the  cracked  bark  of  tinkered  porUon. 
Minute  spore-tx>arlng  pustulcH  are  apparent  Jn  certain  portidiiipcl  ^Vft.  bark  thickly 
beset  with  spore-bearing  puatulea. 
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PEAR  CANKER. 

There  is  a  canker  (Fig.  41)  on  the  pear  closely  related  to  the 
cankers  previously  described  for  the  apple.  That  they  are  of  fungous 
origin  has  been  proved  by  many  inoculations. 

It  is  probable  that  spraying  the  bark  with  Bordeaux  mixture  will 
partially  or  wholly  eradicate  this  enemy,  although  no  conclusive  ex- 
periments seem  to' have  been  made  on  this  subject. 

PEAR  SCAB. 

( Venturiose ) . 

The  pear  scab  is  familiar  to  all  who  raise  the  pear.  It  consists  of 
a  surface  blotch  or  scab  (Fig.  42),  often  accompanied  by  a  peculiar 
cracking.  This,  however,  is  an  effect  which  is  present  only  in  ad- 
vanced stages  of  the  disease. 


Fio.  42.— Pear  scab. 


The  pear  scab  is  caused  by  a  funeus  verv  similar  to  that  which 
causes  the  scab  on  the  apple.     Fig  43  shows  its  microscopic  structure. 


Fio.  43.— The 


hyphe  of  the  pear  scab  fungus-bearitiK  spores.— After  Pl'Klf^^r^r^Qlp 

igi  ize     y  g 


116  N.  C.  AORICULTURuVT.  EXPERIMENT  STATIOX. 

The  black  stalks  sticking  above  the  surface  are  the  branches  of  the 
fungus,  which  are  to  bear  the  spores,  and  the  three  roundish  or 
oval  bodies  are  spores  which  have  just  separated  from  their  place 
of  origin.  The  threads  or  mycelium  of  the  fungus  lie  below  the  skin 
(c)  and  there  take  up  nourishment,  and  cause  discoloration. 

The  fungus  passes  the  winter  on  the  bark,  as  well  as  upon  the  dis- 
eased fruit  and  leaves. 

Treatment. — This  disease  has  proved  amenable  to  treatment  Re- 
sults from  the  Vermont  Station  show  benefit  in  both  quantity  and 
quality  from  spraying  with  the  Bordeaux  mixture,  the  market  value 
of  the  fruit  being  increased  from  twenty-five  to  fifty  per  cent,  for 
example,  in  case  of  the  Flemish  Beauty.  In  some  cases  the  value 
of  the  sprayed  crop  being  placed  at  one  hundred,  the  crop  which  was 
not  sprayed  brought  a  value  of  only  forty-seven. 

The  treatment  for  prevention  consists  in  spraying  ta  kill  the 
spores  and  to  prevent  the  development  of  the  fungus.  The  first 
spraying  should  be  made  before  the  leaves  open,  and  should  consist 
of  copper-sulphate  one  pound  and  water  eighteen  gallons.  The 
Bordeaux  mixture  should  then  be  used  three  times:  First,  just  before 
the  blooms  open ;  second,  just  after  the  flowers  fall,  even  before  all 
have  fallen;  third,  about  two  weeks  later.  The  Bordeaux  mixture 
should  be  of  the  usual  strength,  four  pounds  of  copper  sulphate, 
four  pounds  of  lime  and  fifty  gallons  of  water. 

LEAF  SPOT. 

{Septoriose'). 

The  leaf  spot,  while  never  completely  destructive  to  foliage  or 
crop,  does  interfere  with  the  general  productiveness  and  health  of 
the  tree  by  diminishing  its  green  surface.  Leaf  spot  may  be  dis- 
tinguished from  scab  and  blight  by  the  fact  that  the  diseased  areas 
are  rather  sharply  defined  and  characteristically  angular  in  outline 
Fig.  44).  .The  center  of  the  spot,  usually  of  an  ashen  color,  is 
surrounded  by  a  brown  zone,  and  this  in  turn  by  a  purplish  one. 
The  ashen  center  bears  several  exceedingly  minute  dark-colored 
pustules.  One  of  these  in  section  is  shown  in  Fig.  45.  The  pustule 
is  really  a  hollow  structure  bearing  numerous  worm-shaped  spores. 
Each  spore  that  finds  favorable  lodgment  upon  another  leaf,  is 
capable  of  producing  the  disease. 

Treatment, — The  treatment  recommended  for  the  pear  scab  is 
effective  in  preventing  this  disease. 

LEAF  BLIGHT. 

{FahroBOse). 

The  leaf  blight  of  the  pear  is  almost  as  widely  distributed  as  is 
the  pear  itself.  The  spot  caused  by  the  leaf  blight  does  not  exhibit 
the  zonal  arrangement  described  for  the  leaf  spot,  and  the  whole 
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Fig.  44.— Pear  leaf  spot,  septoriose. 
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Fia.  45.— Section  of  a  pear  eaf  showing  the  leaf  spot   ungus  and  ita  spores.— After  DuggarQ 
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leaf  more  often  takes  on  a  diseased  appearance,  eventually  turning 
yellow  or  brown  and  falling.  This  disease  also  prevails  upon  the 
fruit  where  it  causes  a  red  spot.  This  soon  becomes  darker,  aud 
may  later  be  accompanied  by  cracking  similar  to  that  of  the  ptar 
scab.  The  spores  are  produced  in  the  centers  of  the  diseased  spot:?, 
and  differ  decidedly  from  the  spores  of  the  fungi  of  the  other  pear 
diseases  as  may  be  seen  in  Fig.  46. 


Fia.  46. — Spores  of  the  leaf  blight  fungus.— After  Duggar. 

Treatment, — The  treatment  already  recommended  for  the  pear 
scab  will  suffice  for  the  pear  leaf  blight. 

HTPOCHNOSE. 

This  disease,  identical  with  hypochnose  of  the  apple,  occurs  occa- 
sionally upon  the  pear.    The  treatment  given  on  page  94  is  effective. 
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3.— FUNGICIDES. 

Many  plant  diseases  are  caused  by  fungi,  which  gain  entrance  to 
the  plant  at  the  surface  by  means  of  reproductive  bodies  called  spores. 
A  fungicide  is  a  mixture  which  is  sprayed  upon  the  surface  of  the 
plant,  and  which  by  its  poisonous  properties  prevents  the  spores 
from  successfully  germinating  and  entering  the  plant. 

Spraying  for  fungous  diseases  is  recognized,  by  the  successful 
horticulturist  as  a  necessary  measure. 

BOBDEAUX    MIXTUBE. 

This  mixture,  which  takes  its  name  from  its  place  of  discovery, 
Bordeaux,  France,  is  the  most  widely  used  and  with  certain  limi- 
tations the  most  (ffcctive  fungicide.  It  consists  of  copper  sulphate 
(blue  vitrol  or  blue  stone)  and  quick  lime  mixed  with  water  in 
various  proportions. 

The  chief  strengths  of  Bordeaux  mixture  are  as  follows: 

4-4-50   BOBDEAUX. 

Copper  sulphate  or  blue  stone : 4  pounds. 

Quick  lime  4  pounds. 

Water  50  gallons. 

This  strength  may  be  used  on  most  plants,  the  foliage  of  which  is 
not  susceptible  to  injury. 

This  formula  is  recommended  for  apple,  pear  and  quince. 

6-4-50   BOBDEAUX. 

Copper  sulphate  or  blue  stone 6  pounds. 

Quick  lime  4  pounds. 

Water 50  gallons. 

This  second  strength  is  particularly  for  dormant  trees. 
Plants  with  delicate  foliage  such  as  the  peach,  plum,  cherry  and 
apricot  require  weaker  solutions,  for  example: 

2-2-50   BOBDEAUX. 

Copper  sulphate  •. 2  pounds. 

Quick  lime  2  pounds. 

Water 50  gallons. 

Or— 

2^-6-50    BORDEAUX. 

Copper  sulphate  2  1-2  pounds. 

Quick  lime  6  pounds. 

Water 50  gallons. 
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There  is  no  certainty  as  to  which  of  these  strengths  is  best  To 
many  crops  no  damage  can  come  from  the  use  of  as  strong  a  solution 
as  6-4-50,  yet  it  is  possible  that  all  the  protection  possible  is  to  be 
had  by  use  of  the  4-4-50  mixture  or  even  by  a  weaker  mixture.  If 
so,  there  is  loss  of  material  by  use  of  the  stronger  solution.  This 
matter  is  still  open  to  experimentation. 

In  the  preparation  of  the  Bordeaux  mixture,  it  is  well  to  have  on 
hand  stock  solutions  of  copper  sulphate  and  lime.  The  stock  solu- 
tion of  copper  sulphate  should  be  made  by  dissolving  a  certain  num- 
ber of  pounds  of  copper  sulphate  in  one-half  the  number  of  gallons 
of  water,  for  example :  80  pounds  copper  sulphate  in  40  gallons  of 
water.  It  is  then  known  that  each  gallon  of  this  stock  solution  con- 
tains two  pounds  of  copper  sulphate,  and  necessity  of  further  weigh- 
ing is  avoided.  The  stock  solution  remains  good  for  any  length  of 
time  if  the  water  evaporated  is  replaced.  In  order  to  dissolve  the 
copper  sulphate,  it  is  best  to  tie  it  in  a  coarse  bag  and  suspend  it  near 
the  top  of  the  water  in  a  barrel.  In  this  way  it  will  dissolve  in  a  few 
hours.  If  it  is  placed  in  the  bottom  of  a  barrel  it  will  dissolve  but 
slowly,  even  with  constant  stirring.  It  is  well  to  suspend  the  copper 
sulphate  the  night  before  the  mixture  is  to  be  made,  and  it  will  then 
be  ready  in  the  morning. 

In  a  similar  way  a  stock  solution  of  lime  should  be  made. 
Quick  lime  of  good  quality,  which  is  not  at  all  air-slaked,  should  be 
weighed  out  and  placed  in  a  trough  and  slaked  slowly,  using  a  verj 
small  quantity  of  water.  By  slaking  slowly  a  fine  quality  of  lime  is 
secured.  After  the  lime  is  thoroughly  slacked  it  should  be  mixed 
with  enough  water  to  make  a  putty-like  mass.  This  may  be  covered 
with  more  water  to  keep  out  the  air  and  may  be  used  when  needed. 
Since  this  mass  was  originally  weighed  one  can  estimate  near  enough 
the  amount  needed  for  any  given  quantity  of  Bordeaux  mixture. 

In  preparing  the  Bordeaux  mixture  from  stock  solutions,  measure 
out  the  proper  amount  of  stock  solution  of  copper  sulphate  and  dilute 
it  with  half  the  amount  of  water  needed  in  the  final  mixture.  In 
a  similar  way  measure  out  the  proper  amount  of  lime,  needed  from 
the  stock  and  dilute  it  with  the  other  half  of  the  water  in  a  separate 
vessel. 

The  lime  should  be  passed  through  a  fine  wire  strainer  of  about 
eighteen  meshes  to  the  inch,  or  through  cheese  cloth,  in  order  to 
remove  particles  of  stone,  which  will  otherwise  cause  difficulty  in 
the  nozzle  when  spraying. 

All  that  remains  is'  to  mix  these  two  solutions.  They  should  be 
poured  together  slowly  and  thoroughly  stirred. 

It  is  a  matter  of  considerable  importance  that  the  stock  solutions 
be  diluted  before  they  are  mixed  with  each  other.  The  quality  of 
Bordeaux  mixture  resulting  from  this  method  is  superior  in  several 

Digitized  by  VjUU^  It: 


INSECTS  AND   FUNGOUS   DISEASES   OF   APPLE  AND   PEAR.  121 

respects  to  that  which  results  if  strong  solutions  are  mixed  together 
and  afterwards  diluted. 

The  Bordeaux  should  be  freshly  made  each  time  before  using. 

SODA  OR  POTASH  BORDEAUX  MIXTURE. 

While  the  Bordeaux  mixture  is  eminently  successful  in  preventing 
many  plant  diseases,  slight  difficulty  is  sometimes  encountered  owing 
to  the  occurrence  of  small  stones,  resulting  from  imperfections  in 
the  lime.  These,  if  not  thoroughly  strained  out,  clog  the  spraying 
nozzle  and  are  troublesome.  To  escape  this  difficulty  and  to  render 
the  preparation  and  application  of  the  Bordeaux  mixture  easier,  as 
well  as  to  give  a  mixture  suitable  for  use  as  the  fruit  approaches 
maturity,  the  use  of  potash  or  soda  as  substitutes  for  the  lime  has 
been  recommended. 

SODA   BORDEAUX. 

Copper  sulphate  (blue  stone) 5  pounds. 

Commercial  caustic  soda  sufficient  to  combine  with  cop- 
per sulphate  and  leave  a  slight  excess  of  soda  ....  pounds. 
Water 60  gallons. 

It  will  be  noted  that  the  amount  of  caustic  soda  to  be  used  is  not 
stated  definitely.  It  is  impossible  to  make  a  definite  statement,  as 
the  strength  of  the  various  commercial  sodas  varies  greatly. 

The  following  table,  however,  gives  the  amount  of  copper  sulphate 
required  for  a  single  can  of  several  of  the  more  common  sodas.  In 
the  last  column  is  found  the  amount  of  mixture  which  a  can  will 
make.  For  example,  if  you  choose  to  use  the  Champion  soda,  a 
can  of  which  weighs  13.73  ounces,  you  should  use  1.6  pounds  of 
copper  sulphate  to  each  can  of  soda.  One  can  of  soda  contains  12 
ounces  of  substance  and  the  1.6  pounds  of  copper  sulphate  together 
with  the  one  can  of  Champion  soda  will  make  thirteen  gallons  of 
soda  Bordeaux. 

In  a  similar  way,  by  consulting  the  table  you  may  find  how  much 
copper  sulphate  to  use  per  can  with  any  of  these  brands  and  how 
much  mixture  it  will  make. 

Gro«  Weight      Weight  of  rJ?BS?I        Amount  of 

of  Can.  Substance,        j^^f^j.        Mixture. 

Soda(Troy) 11.2    lbs.  10.17  lbs.  46.22  Iba.        462  gals. 

Babbitt's  Potash 17       os.  14.5    os.  3         **  30     " 

Champion  13.76 

Kfd  Seal 17 

Lecgett's 17 

Lehman** 14.75 

Hinh 14.6 

Washington 14.25 

Saponlfler  (Solid) 16.75 

Saponlfier  (Granulated) 17 

Natrona 42.75 


14.5  OS.  3  "  30 

12  "  1.6  "  16 

14.5  "  2.4  "  24 

14.75  •*  2.5  •'  25 

12.25  "  2.4  ••  24 

12.75  "  1.8  "  18 

12.75  "  1.7  •*  17 

14.25  "  2.5  "  25 

14.75  •'  2.6  ••  26 

36.75  "  7.2  "  72 
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Dissolve  the  caustic  soda  in  water.  Dissolve  the  copper  sulphate 
also  in  water  in  another  vessel  and  dilute  each  to  half  the  volume  of 
the  completed  mixture,  then  mix  the  two  solutions  together. 

If  put  together  in  the  above  proportions  the  mixture  will  be  alka- 
line. If  too  little  soda  is  used  it  will  be  acid,  and  it  then  liable  to 
injure  the  leaves. 

In  order  that  the  mixture  may  be  more  easily  seen  on  the  trees, 
and  thus  enable  the  operator  to  know  when  the  tree  has  been  com- 
pletely sprayed,  add  a  small  quantity  of  lime,  about  one-half  pound 
to  every  fifty  gallons  of  mixture.  This  will  be  suflEicient  to  make  a 
visible  deposit  on  the  trunk  and  foliage  of  the  tree,  and  enable  one 
to  distinguish  easily  the  sprayed  from  the  unsprayed  portions. 

The  strength  as  given  above  is  really  the  same  as  the  5-5-50  Bor- 
deaux mixture.  To  make  one  equivalent  to  the  4-4-50,  increase  the 
amount  of  water  by  one-quarter. 

AMMONIAOAL   SOLUTION    OF   COPPER    CARBONATE. 

This  solution  contains  no  sediment  and  on  drying  leaves  no  marks 
upon  the  fruit.  It  may  therefore  be  used  upon  fruits  in  the  latter 
stages  of  their  ripening,  when  the  spotting  that  the  Bordeaux  mix- 
ture causes  precludes  the  use  of  that  fungicide.  The  mixture  con- 
sists of  a  solution  made  by  dissolving  copper  carbonate  in  ammonia 
water  in  the  following  proportions: 

Copper  carbonate 6  ounces. 

Ammonia,  about  '. 3  pints. 

Water 50  gallons. 

Weigh  out  the  proper  amount  of  copper  carbonate,  set  a  very  small 
portion  of  this  aside  and  dissolve  the  remainder  of  it  in  diluted 
ammonia,  using  only  enough  to  dissolve  it  and  then  add  the  portion 
of  copper  carbonate  which  was  reserved.  This  will  insure  that  you 
use  no  more  ammonia  than  is  necessary.  It  is  better  to  have  a  little 
too  much  of  the  copper  carbonate  in  the  solution  than  to  have  too 
much  ammonia.  A  strong  solution  made  in  this  way  can  be  diluted 
with  the  proper  amount  of  water.  The  copper  carbonate  may  be 
purchased  at  any  drug  store. 

BURGUNDY    MIXTURE. 

Copper  sulphate 1  pound. 

Sodium  carbonate  (sal  soda) 1  1-2  pounds. 

Water 50  gallons. 

Each  chemical  should  be  dissolved  separately  in  one-half  the  full 
amount  of  water  and  the  two  solutions  then  mixed  as  in  making  tie 
Bordeaux  mixture. 
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This  non-spotting  mixture  may  be  used  as  a  substitute  for  ammo- 
niacal  copper  carbonate.  It  is  cheaper  and  is  said  to  be  about  equally 
effective. 

Insect  poisons  should  not  be  added  to  this  mixture. 

COPPEB  SULPHATE  SOLUTION. 

A  solution  consisting  merely  of  copper  sulphate  and  water  may  be 
used  before  the  leaves  appear  to  kill  the  spores  on  the  trunks  and 
branches  of  the  trees.     It  is  made  as  follows: 

Copper  sulphate 1  pound. 

Water 17  gallons. 

Dissolve  the  copper  sulphate  as  you  do  in  preparing  the  Bordeaux 
mixture,  dilute  it  to  the  required  strength  and  spray  upon  the  trees. 
The  addition  of  a  little  lime,  half  a  pound  to  fifty  gallons  of  mixture, 
enables  the  operator  to  see  exactly  what  proportions  of  the  tree  have 
been  sprayed. 

This  mixture  must  not  be  used  after  the  leaves  appear. 

COPPER  SULPHATE  1-7. 

This  is  made  as  above,  by  using  7  instead  of  17  gallons  of  water  to 
one  pound  of  copper  sulphate. 

POTASSIUM  SULPHIDE  SOLUTION. 

Potassium  sulphide  (or  liver  of  sulphur) 1  ounce. 

This  solution  should  be  freshly  prepared.  It  is  used  as  a  substi- 
tute for  the  Bordeaux  mixture  in  the  same  way  as  Burgundy  mix- 
ture, the  ammoniacal  solution  of  copper  carbonate  is  used  when  the 
fruit  has  became  so  large  that  the  Bordeaux  mixture  must  be  dis- 
continued to  avoid  spotting.  Potassium  sulphide  is  especially  efficient 
in  protection  against  the  powdery  mildews. 

LIME  SULPHUR   MIXTURES. 

These  insecticides  (page  61)  are  also  of  fungicidal  value  and 
when  used  for  insects  the  Bordeaux  mixture  of  the  same  date  may 
be  omitted. 
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SUMMARY. 


1.  Swine  riltina  should  be  made  one  of  the  leadlna  live  stock  industries  In  North  Carolim. 

2.  The  climatic  conditions  are  ideal  for  the  production  of  swine  because  of  the  mild  viiilers  w4 
the  long  growing  periods,  making  It  possible  to  produce  grazing  crops  of  many  varieties. 

3.  The  State  of  North  Carolina  has  wonderful  possibilities  in  the  dairy  industry.  Swine  productivi 
should  be  made  a  leading  adjunct  to  this  industry,  making  use  of  the  valuable  by-prodacts  frm  the 
dairy. 

4.  The  long  growing  seasons  and  mild  winters  make  it  possible  to  rear  two  litters  of  pigs  eadi  year 
with  very  satisfactory  results. 

6.  The  State  of  North  Carolina  has  an  average  of  24.9  hogs  to  the  square  mile,  while  Iowa,  a  Stale 
where  conditions  are  not  nearly  so  favorable  for  hog  raising,  the  winters  being  long  and  cold,  aid  tlie 
growing  seasons  short,  has  176.3  hogs,  or  about  seven  times  as  many  per  square  mile. 

6.  The  swine  Industry  in  the  State  Is  held  In  check,  very  largely  for  three  reasons :  ( 1 )  Became 
of  the  use  of  a  low  grade  of  stock  in  breeding,  which  results  In  offspring  of  reduced  size  and  infertor  caa- 
formation.  ( 2 )  Because  a  large  majority  of  the  growing,  breeding  and  feeding  hogs  are  kept  in  twall. 
filthy,  unsanitary  pens,  where  range,  pure  water  and  sunshine  are  absolutely  unknown,  things  whicfc  a 
hog  must  have  to  attain  perfect  health,  symmetry,  beauty  and  maximum  weight  (  3 )  Becaetc  fuilf 
three-fourths  of  the  farmers  raising  swine  in  North  Carolina  have  yet  to  learn  that  a  hog  is  Mtanally  a 
grazing  animal  and  will  derive  fuliyone-halfof  his  nourishment  from  grazing  crops  when  allowed  to  4a  ae. 

7.  Before  the  swine  raising  industry  of  the  State  is  placed  on  a  permanent  basis,  pure  bred  malea 
must  be  used  at  the  head  of  the  herds.  Grade  or  scrub  sires  are  of  no  value  whatever  In  nakim  is- 
provement.  A  strong  boned,>ell  framed,  vigorous  prepotent  pure  bred  male  will  pay  for  himtdf  ia  aae 
year  where  as  many  as  five  sows  are  kept  and  at  the  same  time  make  permanent  improveaeat  ia  Ifcc 
herd. 

8.  Better  use  must  be  made  of  the  numerous  grazing  crops  which  can  be  grown  In  abundaoee  kr 
Southern  farmers.  There  is  a  tendency  to  use  entirely  too  much  high-priced  com  for  young  grevlag 
animals.  This  practice  not  only  leads  to  small  gains,  but  brings  on  an  unthrifty  condition  of  the  aninali. 
Largerquantities  of  protein  feeds,  such  as  cowpeas.  soy  beans,  wheat  middlings  and  skim  milk  shoaM 
boused,  and  these  feeds  should  be  supplemented  with  leguminous  pastures  especially  during  tbeirav 
Ing  period  of  the  animai.ZGiven  plenty  of  exercise  and  freedom,  pure  water  and  sunshine,  the  gaiat 
will  be  larger  on  less  feed  and  the  health  of  the  animals  at  the  same  time  will  be  better  miintahied. 

9.  Hog  cholera  and  swine  plague  are  the  two  diseases  most  to  be  avoided,  and  every  praciabaa 
should  be  taken  to  prevent  outbreaks.  All  dead  carcasses  should  be  buried  or  burned,  and  dislnfectaats 
should  be  used  freely  on  the  hogs.  lots,  pens  and  houses.  Filth  that  will  attract  buzzards  ind  aifcer 
scavengers  should  not  be  allowed  to  accumulate. 

10.  A  large  number  of  the  hogs  in  this  State  are  constantly  harassed  by  lice  and  intestinal  vorwi. 
The  food  under  such  circumstances  to  a  considerable  extent  merely  nourishes  these  parasites,  tkc  baft 
generally  remaining  in  an  unthrifty  condition.  The  farm  can  be  cleared  of  these  pests  by  keeping  Ac 
premises  clean  and  by  using  proper  disinfectants  and  remedies,  either  home-made  or  proprielary. 

11.  As  a  general  thing,  the  feeding  and  management  of  the  farmer's  herd  could  be  ioqiravad. 
Extra  care  in  management  will  doubly  repay  him  in  more  and  better  hogs  at  marketing  tine. 
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HOG  RAISING  IN  NORTH  CAROLINA. 


By  R.  S.  Curtis,  Animal  Husbandman. 


The  natural  irduceinents  for  the  production  of  high-class  swine  iu 
North  Carolina  have  appealed  especially  to  the  writer  after  visiting 
various  sections  of  the  State  and  fully  acquainting  himself  with  th« 
natural  advantages  afforded.  The  chief  reason,  however,  for  writing 
this  bulletin  came  about  through  the  numerous  inquiries  which  come 
to  the  Station  regarding  the  possibilities  for  raising  swine  in  the 
State  and  the  best  methods  to  use  and  crops  to  grow.  These  inqui- 
ries have  not  been  confined  to  farmers  of  the  State  alone,  but  have 
come  also  from  Northern  farmers,  and  capitalists  who  have  quite 
recently  learned  the  peculiar  natural  advantages  existing  in  the 
South.  With  this  fact  in  view,  it  was  thought  likely  some  material 
aid  might  be  rendered  on  the  general  subject  of  swine  production 
by  a  publication  of  this  nature. 

Every  farmer  who  raises  hogs  should  have  a  fundamental  knowl- 
edge regarding  the  prevention  of  the  more  common  diseases  and 
bow  to  treat  the  animals,  should  the  herd  become  affected. 

In  this  bulletin  the  feeding,  care,  and  management  of  swine  will 
be  dwelt  upon  chiefly.  Only  the  most  common  ailments  will  be  dis- 
cussed, and  these  from  the  standpoint  of  prevention  rather  than 
cure.  With  a  hog,  especially,  disease  is  likely  to  prove  fatal  in 
many  instances  where  other  animals  might  survive.  They  do  not 
respond  well  to  treatment,  consequently,  great  care  should  be  taken 
to  prevent  contraction  of  disease. 

ADAPTABILITY  OF  STATE  FOB  SWINE  GBOWING. 

The  question,  concerning  the  adaptability  of  the  State  for  swine 
growing,  is  asked  almost  invariably  by  men  who  anticipate  taking 
up  this  line  of  work.  In  answer  to  the  question  it  may  be  stated 
emphatically  that  the  conditions  are  not  far  from  ideal.  While  the 
State  varies  greatly  in  soil  and  climatic  conditions,  which  makes  a 
wide  variation  in  the  crops  produced,  yet  no  section  is  without  its 
peculiar  advantages  of  soil,  climate  and  crops. 

The  mountains  have  their  natural  pasture  lands,  corn  and  other 
cereals,  including  the  mast  of  the  forest  which  Nature  originally 
provided  foi*  the  undomcsticatcd  hog.  The  Piedmont  and  Coastal 
sections  each  have  their  corn,  cowpeas,  soja  beans  and  other  grazing 
crops,  such  as  rape,  Canada  field  peas,  oats,  rye  and  clover.  Those 
with  the  many  other  important  grain  and  grass  crops  which  can  be 
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grown  throughout  the  State  make  the  conditions  quite  favorable. 
Heavy  feeding  throughout  the  winter  is  not  necessary,  as  the  cli- 
matic conditions  are  such  that  the  hog  does  not  require  large 
amounts  in  excess  of  that  provided  during  the  summer  season.  The 
mountainous  section  will  furnish  the  one  exception,  but  even  here, 
the  rigidity  of  the  climate  is  more  than  oflFset  by  other  natural 
advantages. 

Concerning  the  market  conditions,  the  South  will  undoubtedly 
furnish  a  market  for  all  of  the  pork  produced,  as  large  quantities  are 
imported  each  year  from  the  North  and  West  to  make  up  for  the  defi- 
ciency. The  central  markets,  such  as  Richmond  and  Baltimore, 
besides  the  many  local  markets  throughout  the  State,  will  furnish 
an  outlet  for  many  more  hogs  than  are  now  annually  produced. 

CONDITION  OF  SWINE  INDUSTRY. 

The  swine  industry  of  North  Carolina  is  in  a  very  unsatisfactory 
condition ;  first,  because  of  the  small  nimiber  of  hogs  actually  raised, 
and  the  large  amount  of  pork  annually  imported  from  the  North 
and  West;  and  second,  because  of  the  inferior  grade  of  stock  which 
is  used  for  breeding  and  fattening  purposes  largely  by  the  smaller 
farmers.  In  many  instances  farmers  keep  well-bred  stock  confined 
in  small,  filthy,  unsanitary  pens  and  lots,  and  wonder  why  their 
profits  are  not  larger.  This  condition  has  arisen  from  the  fact  that 
some  men  have  the  idea  that  well-bred  stock  is  capable  of  making 
its  own  livelihood.  This  is  a  common  conclusion,  yet  a  very  errone- 
ous one.  It  is  much  better  to  retain  the  inferior  stock  if  proper  care 
and  attention  are  not  given.  The  pure  bred  stock  will  soon  deterior- 
ate under  improper  management  while  the  scrub  will  more  nearly 
hold  his  own  under  unfavorable  conditions.  It  has  taken  years  to 
breed  the  pure  bred  hog  to  his  present  standard,  but  he  will  revert 
rapidly  unless  proper  care  and  attention  are  given.  This  statement 
does  not  imply  that  pure  bred  animals  must  be  pampered  to  make 
swine  growing  successful,  but  it  does  imply  that  plenty  of  exercise, 
pasture,  sunshine,  pure  water  and  an  abundance  of  nutritious  feed 
must  be  given.  Any  one  who  is  making  an  attempt  to  breed  swine 
will  find  it  to  his  advantage  to  keep  only  well  bred  hogs,  as  those  of 
inferior  breeding  will  bo  more  expensive  to  grow  than  the  former,  and 
they  are  otherwise  generally  unsatisfactory  for  breeding  purposes.  In 
fact,  many  of  the  inferior  specimens  found  on  North  Carolina  famis 
cost  the  owners  far  more  for  their  keep  than  it  would  for  an  equal 
number  of  well  bred  hogs.  Scrub  hogs  generally  make  small  and 
unprofitable  gains,  and  meat  so  produced  is  never  of  the  best  quality. 

The  number  of  hogs  produced  in  the  State  annually  is  totally 
inadequate  for  its  supply.  There  is  imported  annually  thousands  of 
pounds  of  pork  from  States  far  less  favorably  located  and  adapte^l 
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for  the  production  of  swine  than  North  Carolina.  Iowa  has  almost 
eight  and  one-half  million  more  hogs  than  North  Carolina  with  but 
3,000  square  miles  greater  area.  In  that  climate  grazing  crops  can 
not  be  produced  ten  months  in  the  year  as  in  North  Carolina,  and 
furthermore  during  the  season  when  hogs  in  this  State  are  grazing 
on  a  variety  of  pasture  crops,  the  Iowa  farmer  is  feeding  on  costly 
harvested  feeds  such  as  corn,  barley,  rye  and  the  by-products  from 
the  wheat  grain.  Fifty  to  seventy-five  per  cent  of  this  feed  is  used 
for  heat  and  energy  during  the  long  cold  winters,  while  under 
Southern  conditions,  heavy  feeding  is  necessary  only  for  a  compara- 
tively short  period  during  the  winter  months. 
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Fio.  1.— Inferior  Feeding  Hogs. 

In  the  face  of  these  facts,  however,  North  Carolina  has  only  one 
hog  for  every  twenty-six  acres  where  Iowa  has  seven.  There  is  sim- 
ply no  way  to  account  for  this  condition  other  than  the  fact  that  we 
have  not  set  ourselves  to  the  task  of  growing  more  and  better  hogs. 
Our  conditions  are  more  favorable  from  any  standpoint.  Instead  of 
relying  on  the  Northern  and  Western  States  for  pork  supplies  there 
seems  to  be  no  good  reason  why  North  Carolina  should  not  become 
one  of  the  largest  pork-producing  States  if  diligent  and  intelligent 
eflFort  is  given  to  this  industry. 

NATCBAL  raSTINCTS  OF  THE  HOG. 

In  the  care  of  domestic  animals,  the  nearer  we  can  imitate  nature 
in  providing  food  and  environment  the  greater  the  chances  for 
success. 

The  care  and  management  of  swine  furnishes  no  exception  to  the 
rule,  as  the  hog  is  peculiarly  adapted  to  that  environment  which 
surrounded  him  in  his  natural  haunts.  This  fact,  a  great  many 
have  lost  sight  of,  at  least  apparently  so,  considering  the  conditions 
in  which  many  of  these  animals  are  maintained. 

As  an  example  of  the  peculiar  nature  of  the  hog,  if  he  is  con* 
fined  closely  he  will  resort  to  rooting,  a  natural  trait  of  his  ances- 
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tors  developed  necessarily  while  searching  for  food  in  the  fore>t. 
This  trait  has  been  transmitted  to  a  certain  extent  to  animals  under 
domestication.  The  best  results  can  not  be  obtained,  however,  under 
close  confinement,  for  no  animal  thrives  well  under  restraint. 

In  his  natural  haunts,  the  hog  was  accustomed  to  abundant  exer- 
cises,  sunshine,  pure  air,  fresh  water,  roots,  herbs,  acorns,  worms, 
and  natural  grasses.  These  are  a  delight  to  him  and  to  attain  the 
greatest  success  in  swine  raising,  a  variety  of  rations  which  will 
furnish  these  necessities  in  their  various  forms,  should  be  provided. 
It  is  not  absolutely  necessary,  nor  at  all  times  profitable  to  imitate 
nature  in  every  detail,  yet  it  should  be  done  as  far  as  practical. 
Fresh  air,  sunshine,  pure  water,  and  lots  for  exercise  can  usualk 
be  provided  without  great  cost  or  much  effort.  Sweet  potatoes,  arti- 
chokes, peanuts,  mangels,  turnips,  cowpea?,  soja  beans  and  many 
other  field  crops,  suitable  for  gi'azing  purposes  will  grow  in  mo>t 
sections  of  the  State,  and  at  least  three  or  four  of  them  will  bo  found 
to  do  well  in  any  section.  If  these  pasture  and  root  crops  are  prop- 
erly supplemented  with  concentrated  feedvS,  any  intelligent  farmer 
should  be  able  to  make  a  success  growing  hogs  provided  proper  care 
and  judgment  are  used  in  managing  the  herd. 

SELECTING  THE  BREED. 

What  breed  to  choose  is  a  question  often  raised,  and  in  many  in- 
stances the  mistake  is  made  of  placing  too  much  stress  upon  the 
breed  and  not  enough  on  the  individual  animal  of  that  breed.  We 
have  a  number  of  recognized  breeds  to  choose  from,  yet  each  of 
them  has  its  inferior  specimens,  unsuitable  for  breeding  or  feedius^ 
purposes.  This  is  a  point  of  special  importance,  yet  many  times 
it  is  given  insufficient  consideration  by  the  prospective  purchaser. 
The  breed  may  be  excellent,  while  the  individual  may  be  a  scrub. 

The  Berkshire  is  the  predominant  breed  in  the  South,  and  gene^ 
ally  speaking  they  are  giving  quite  sati-sfactory  results  as  breeders 
and  feeders,  yet  there  are  other  breeds  that  will  give  equally  satis- 
factory results  with  the  same  care  and  nuinagement.  Strictlv 
speaking,  that  breed  should  be  selected  by  the  individual  farmer 
which  fits  into  his  conditions  and  serves  his  purposes  best.  For  ex- 
ample, the  man  who  is  making  a  business  of  growing  breeding 
stock,  should  first  consider  the  demand  for  the  particular  breed 
which  he  anticipates  growing.  He  should  also  study  the  peculiar 
conditions  which  would  tend  to  make  one  breed  more  successful 
than  another,  also  his  own  particular  likes  and  dislikes.  Xo  stock- 
man can  be  entirely  successful  who  does  not  take  special  pride  in  the 
breed  which  he  champions. 

On  the  other  hand,  if  the  production  of  market  hogs  is  the  sole 
purpose,  the  outlet  for  breeding  stock  need  not  receive  special  con- 
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sideration,  as  individuals  of  most  of  the  breeds  can  be  put  in  a  very 
satisfactory  condition  for  the  market.  It  is  crue  that  some  breeds 
will  mature  earlier  and  require  less  feed  to  produce  a  pound  of 
gain.  The  consumer  is  not  particular,  however,  concerning  the 
breed  or  the  origin  of  the  pork  placed  on  his  table,  providing  the 
quality  is  right.  Individuals  and  not  breeds  are  the  deciding  fac- 
tors at  the  stock  yards,  the  packing  houses  and  the  retail  market. 

A  full  list  of  recognized  breeds  is  given  on  page  183  of  this 
Bulletin.  These  breeds  all  have  their  strong  points,  and  will  re- 
turn very  satisfactory  profits  in  the  South,  if  properly  managed. 
In  selecting  the  breed,  utility  and  service  should  receive  special  con- 
sideration. As  the  individual  is  of  greater  importance  than 
the  breed,  the  judgment  of  the  breeder  will  be  tested  by  individual 
selections  made  for  the  perpetuation  of  ideal  types. 

SELECTION  OF  THE  BOAB. 

In  selecting  a  boar  to  head  the  herd,  there  are  certain  fundamental 
points  which  should  be  given    serious    consideration.     The    boar 


Fia.  2.— A  Prepotent  Berkahlre  Boar. 

should  first  of  all  be  a  healthy,  vigorous  individual  and  a  representa- 
tive type  of  the  breed,  as  a  pure  bred  scrub  is  costly  at  any  price. 
The  value  of  the  boar  is  determined  by  a  few  striking  characteris- 
tics known  to  the  practical  breeder  as  masculinity,  prepotency,  size, 
constitution,  form  and  quality.  If  the  boar  is  rigidly  selected, 
paying  particular  attention  to  these  points,  he  is  likely  to  prove 
satisfactory.  Digitized  by  GoOglc 
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As  to  the  masculinity  of  the  animal,  select  one  which  has  that 
bold  fearless  appearance  necessary  to  make  him  physically  strong 
and  prepotent.  The  head  should  be  short,  broad  and  full;  the  eves 
large  and  bright;  the  neck,  shoulders  and  body,  broad  and  deep, 
which  is  naturally  expected  to  be  found  in  a  healthy,  vigorous 
animal.  See  that  the  nostrils  are  well  developed  and  the  chest  broad 
and  deep.  These  points  indicate  constitution  and  vitality.  Do  not 
select  an  animal  which  has  a  long,  narrow  head,  small  eyes,  thinly 
set  shoulders  and  lacks  in  width  and  depth  of  body  throughout 

A  boar  possessing  the  least  degree  of  femininity  should  not  be  used. 
Such  an  animal  is  generally  weak  and  impotent,  begetting  small, 
unthrifty  pigs.  Select  always  the  healthy,  robust,  energetic  animal 
with  plenty  of  quality  and  substance. 

The  prepotency  of  an  animal  can  not  be  determined  definitely  bj 
the  ordinary  physical  examination,  as  it  is  impossible  to  say  with 
absolute  surety  that  this  or  that  animal  will  be  a  satisfactory  breeder 
without  making  an  actual  breeding  test.  We  have  fortunately,  how- 
ever, things  observable  in  the  animal  which  indicate  this  character. 
After  this  we  can  study  only  the  ancestors  of  the  animal.  It  is  im- 
portant to  select  according  to  the  strength  of  the  characters  as  indi- 
cated in  the  individual.  If  we  couple  the  essential  characteristics  of 
the  strong,  vigorous  individual  with  a  line  of  prepotent  ancestors  for 
four  or  five  generations  back,  the  chances  for  making  a  successful 
selection  are  greatly  increased.  Select  the  boar  from  ancestors  which 
have  shown  prepotency  on  the  male  side  and  prolificacy  on  the  female 
side.  This  is  important,  and  yet  it  is  a  point  which  is  too  often  not 
given  proper  consideration. 

The  boar  should  possess  great  size.  He  will  get  pigs  which  attain 
a  given  weight  at  a  younger  age  than  a  boar  which  does  not  possess 
this  quality.  Lack  of  proper  judgment  in  selecting  breeding  ani- 
mals, possessing  sufficient  size,  is  responsible  to  a  large  extent  for  the 
small  type  of  hogs  grown  so  commonly. 

The  constitution  of  the  animal  is  indicated  in  a  general  way  by 
the  size  and  vigor.  Additional  indications  of  constitution  are  shown 
by  large,  open  nostrils ;  short  and  broad  head,  large,  clear,  bright  eyes : 
full  and  firm  jowl,  and  a  broad,  deep  chest. 

Select  breeding  animals  with  a  large,  clean,  dense  bone,  fine  silky 
hair  and  clear-cut  features  about  the  head  and  neck.  The  shoulders 
should  be  broad,  deep  and  smoothly  formed,  yet  free  from  that 
coarseness  which  characterizes  the  animal  of  inferior  quality.  Dis- 
crimination should  be  made  against  swirls,  which  most  commonly 
appear  along  the  back.  Large,  coarse,  upstanding  bristles  are  to  be 
avoided,  as  they  indicate  coarseness. 

The  form  of  the  animal  should  be  broad,  deep  and  long,  with  sh^rt 
straight  legs,  standing  squarely  on  the  pasterns.     The  animal  should 
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have  a  broad  back,  long,  deep  sides  and  a  clear-cut  outline.  The  neck 
should  be  short,  blending  evenly  into  the  body  with  a  full  shoulder 
vein.  The  shoulders  should  be  broad,  deep,  well  filled  and  evenly 
covered  over  the  top,  as  an  open  shoulder  indicates  inferior  quality. 

The  back  should  be  slightly  arched,  the  sides  uniform,  and  carried 
well  down  toward  the  underline,  thus  giving  depth  and  capacity. 
Depressions  back  of  the  shoulders  and  in  front  of  the  rear  quarters 
are  bad.  In  fact,  any  roughness  which  detracts  from  the  beauty  or 
usefulness  of  the  animal  should  be  avoided.  The  flanks  should  be 
full,  and  the  width  of  the  animal  at  the  shoulders  should  be  carried 
to  the  rear  quarters  uniformly.  The  sides  should  be  even  and  free 
from  lumps  or  wrinkles. 

The  rear  quarters  should  possess  length,  depth,  width  and  be  well 
filled  both  outside  and  in  the  quarters.  The  smooth,  well-rounded 
rump  and  thighs  are  very  much  sought  after.  Avoid  a  drooping 
rump,  as  it  is  unsightly  and  detracts  from  the  actual  value  of  the 
animal.  The  tail  should  be  set  high  and  the  rear  quarters,  as  a 
whole,  conform  to  the  other  parts  of  the  body. 

In  summing  up,  select  for  health,  masculinity,  prepotency,  size, 
constitution,  form  and  quality,  which  will  insure  almost  invariably 
a  rugged,  active,  vigorous  animal. 

SELECTION  OF  THE  SOW. 

In  selecting  a  sow,  a  great  many  of  the  same  general  principles 
hold  as  for  the  boar.  The  sow  should  have  all  the  characteristics  of 
femininity,  which  are  indicated  by  the  clear-cut  features  about  the 
head,  neck,  shoulders  and  body.  The  head  should  be  short  and 
broad  without  undue  coarseness,  having  that  mild  expression  or  char- 
acter which  is  possessed  by  the  good  mother.  The  eyes  should  be 
mild,  large,  clear  and  bright ;  and  the  ears  of  medium  size  and  fine 
in  quality.  The  jowl,  as  in  the  boar,  should  be  full  and  firm,  yet  not 
large  or  coarse.  The  hair  should  be  fine  and  silky,  without  any  evi- 
dence of  bristles  in  the  coat.  While  the  term  feminity  is  rather 
difficult  to  define,  it  is  in  many  respects  the  exact  opposite  of  mascu- 
linity. The  other  points  of  primary  importance  are  prolificacy,  con- 
stitution, form,  quality  and  breeding  capacity. 

Prolificacy  signifies  the  power  to  bring  forth  young  in  uniformly 
large  numbers.  This  is  a  characteristic  which  can  not  be  determned 
by  making  a  simple  examination  of  the  animal.  The  ancestors  of  the 
animal  in  question  must  be  studied  in  determining  the  degree  of  pro- 
lificacy of  a  sow.  It  is  not  always  possible  to  make  an  accurate 
study  of  this  point,  however,  since  only  pure  bred  animals  are 
recorded,  and  comparatively  few  men  keep  permanent  breeding  rec- 
ords. In  selecting  either  boars  or  sows,  it  is  important  that  a  tenta- 
tive selection  be  made  while  they  are  still  suckling  the  mother.     In 
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this  way,  the  size  of  the  litter  and  the  uniformity  of  same  may  be 
dcteni  lined. 

The  mother  should  be  an  animal  of  strength  and  vigor,  as  it  is 
necessary  for  the  feed  which  she  eats  not  only  to  maintain  her  own 
body,  but  at  the  same  time  nourish  a  litter  of  pigs.  A  really  useful 
sow  should  be  capable  of  doing  this  work  for  a  period  of  five  or  sis 
years  or  even  longer.  This  requires  a  strong  constitution,  which  is 
indicated  by  a  broad,  deep  chest,  large  snout  and  nostrils,  large,  clear 
bright  eyes,  a  broad  and  deep  chest  and  plenty  of  capacity  for 
digesting  large  quantities  of  food. 

The  form  of  the  brood  .sow  should  be  that  of  a  parallelogram  with 
a  long,  deep  and  broad  body,  standing  on  short,  straight,  strong  legs, 
and  feet  with  pasterns  erect.  The  body  should  be  compact,  as  this 
typifies  a  good  feeding  animal.  The  head  should  be  short,  broad 
and  deep;  neck  short;  jowl  full  and  firm;  shoulders  broad,  smooth 
and  deep ;  back  slightly  arched ;  sides  even,  and  the  width  of  the  bodv 
at  the  shoulder  carried  out  to  the  buttock.  This  is  a  point  where  a 
great  many  animals  are  weak,  the  body  as  a  whole  growing  narrow 
toward  the  rear  quarters.  The  sow  with  deep  sides  and  a  long  under- 
line, has  generally  great  capacity,  as  the  teats  are  more  likely  to  be 
large,  numerous  and  well  placed.  At  least  twelve  well-formed  teats 
should  be  in  evidence. 

The  quality  of  the  sow  is  indicated  exactly  in  the  same  manner  as 
in  the  boar.  The  features  should  be  clear-cut,  shoulders  compact, 
body  smooth  and  uniform  throughout,  covered  with  a  fine,  silky, 
glossy  coat  of  straight  hair.  The  bone  should  be  clean,  firm  and 
dense,  with  just  enough  size  to  carry  the  weight  which  the  animal 
will  be  subjected  to.  It  is  better  to  select  an  animal  with  a  bone 
somewhat  coarse  than  one  that  has  insufficient  bone  to  carry  the 
weight. 

Without  the  proper  symmetry  and  development,  of  these  char- 
acteristics, the  value  of  the  animal  is  largely  destroyed.  Select  the 
brood  sow  which  has  first  of  all  health,  femininity,  a  long,  broad 
and  deep  body  with  large  capacity,  and  a  record  showing  prolific 
ancestors. 

THE  WHITE  HOG. 

The  white  hog  is  not  commonly  bred  in  the  South,  although  the 
prejudice  which  exists  is  of  an  exaggerated  form,  especially  in  the 
mountain  regions.  These  hogs  are  bred  successfully  in  some  por- 
tions of  the  State,  and  they  will  probably  be  bred  to  a  greater  extent 
in  the  future.  The  western,  or  mountainous  portion  of  the  State, 
is  as  well  adapted  for  growing  the  white  hog,  as  the  country  claiming 
his  i^atural  habitat.  The  writer  has  seen  most  excellent  specimen? 
of  these  hogs  grovni  in  the  mountains,  and  inquiry  revealed  none  of 
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the  troubles  from  skin  irritation  to  which  they  are  said  to  be  subject. 
Even  in  the  central  section  of  the  State,  the  several  breeders  of  the 
white  ho^  have  found  them  to  give  satisfaction. 

North  Carolina  v^ill  eventually  become  a  great  swine  growing 
State,  as  no  country  so  naturally  adapted  to  this  industry  can  remain 
undeveloped.  Breeders  of  other  sections  of  the  country  are  already 
be^nning  to  investigate  the  possibilities  of  breeding  swine  in  this 
State,  and  with  their  improved  methods  of  management,  there  is 
bound  to  follow  a  greater  differentiation  regarding  the  selection  of 
breeds.  Certainly,  the  white  hog  deserves  a  fair  trial,  and  those 
breeds  purporting  to  have  inherent  bacon  characteristics  should  have 
due  consideration.  It  is  not  the  intention  to  advocate  white  hogs  or 
any  other  breed  of  swine,  but  rather  to  emphasize  the  importance  of 
selecting  animals  which  serve  the  purposes  best  for  which  they  are 
grown.  In  many  cases  in  the  South  where  swine  breeding  has 
not  proved  successful,  it  has  resulted  from  lack  of  proper  manage- 
ment, rather  than  from  ascribed  faults  and  deficiences  in  the  breeds 
tried. 

REGISTRATION. 

There  is  a  general  misapprehension  regarding  the  methods  and 
requirements  necessary  for  the  proper  registration  of  pure  bred 
swine.  This  is  of  special  importance,  as  it  is  evident  that  many 
stock  growers  have  been  misled  by  having  worthless  pedigrees  fur- 
nished them.  When  purchasing  animals,  the  pedigree  furnished 
should  be  on  the  prescribed  form  invariably  used  by  the  breed  asso- 
ciation in  question,  and  the  validity  of  the  record  indicated  by  the 
signature  of  the  secretary  of  the  association.  f^ 

Eligibility  to  registration  is  not  sufficient,  yet  this  opinion  is 
prevalent.  An  animal  which  has  special  merit  deserves  to  be  recorded 
in  the  herd  book  maintained  for  that  purpose.  This  distinction  is 
due  every  animal  which  is  capable  of  improving  our  live  stock,  as 
such  animals  are  comparatively  rare.  Reliance  on  slip-shod  methods 
of  keeping  records  should  be  discouraged.  The  herd  books  for  the 
respective  breeds  of  live  stock  were  established  for  this  particular 
purpose.  They  have  brought  order  out  of  chaos,  by  organizing  in 
case  of  most  breeds,  one  common  registry  association.  The  small  fee 
charged  for  recording  animals  of  special  merit  will  bring  financial 
returns  quite  sufficient  to  pay  the  original  outlay,  and  in  most  cases 
profitable  returns  for  the  extra  work  involved. 

In  buying  pure  bred  animals  purchase  only  from  men  who  are 
thoroughly  reliable.  This  is  important  for  the  breeding  of  the 
animal  purchased,  and  the  value  of  the  pedigree  depends  to  a  large 
extent  on  the  reliability  of  the  breeder.  The  writer  docs  not  wish 
to  convey  the  impression  that  pedigree  is  the  only  necessary  point  to 
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emphasize.  Get  individuality  in  the  animal  also.  Do  not  pay  for  a 
long  pedigree  unless  the  animal  conforms  to  proper  type  in  every 
detail,  and  its  ancestors  have  shown  themselves  to  be  individuals 
of  special  merit.  The  purchaser  of  pure  bred  animals  should  not 
be  satisfied  until  he  has  pedigree  and  individuality  coml)ined. 

FEEDING  AND  MANAGEMENT. 

The  feeding  and  management  of  breeding  hogs  calls  for  special 
attention  and  in  many  instances  it  is  found  that  the  care  given  is 
entirely  inadequate  to  insure  success.  This  is  especially  true  with 
the  small  farmer  who  does  not  make  a  specialty  of  the  swine  busi- 
nessi  In  a  great  many  cases  the  breeding  animals  get  exactly  the 
same  care  and  feed  as  the  fattening  hogs.  This  is  a  grave  mistake, 
and  if  the  troubles  which  often  come  at  farrowing  time  were  traced, 
it  would  be  found  in  many  instances  that  they  originated  in  the  fat- 
tening pen.  A  diflFerence  must  be  made  between  the  feeding  and 
managment  of  the  market  hog  and  the  breeding  hog,  if  succss  is  to 
be  achieved. 

The  animal  which  is  intended  for  breeding  purposes,  whether 
male  or  female,  should  first  of  all  get  plenty  of  exercise  and  nutri- 
tious feed.  These  are  necessary  if  a  strong,  thrifty  hog,  with  plenty 
of  bone  and  muscle  is  to  be  grown.  As  a  long  period  of  usefulness 
in  the  breeding  animal  is  looked  for,  they  should  always  be  started 
in  life  prcfperly  and  kept  growing.  With  the  fattening  hog,  the 
case  is  somewhat  different,  as  the  desire  is  to  get  him  on  the  market 
at  an  early  age,  and  with  as  much  weight  as  possible.  The  period 
of  usefulness  here  is  comparatively  short  as  the  final  product  goes 
to  the  butcher's  block.  The  aim  should  be  to  separate  the  fatten- 
ing and  breeding  hogs  rather  early  in  life.  This  should  not  be  done, 
however,  before  the  breeding  animals  have  developed  sufficiently 
to  indicate  what  they  will  be  at  maturity.  A(n  animal  while 
young  may  be  promising,  yet  a  disappointment  when  grown.  The 
breeding  and  fattening  hogs  should  be  divided  by  the  time  they  are 
three  and  one-half  to  four*  months  old.  From  this  time  on  keep 
them  in  separate  lots  and  pastures.  The  market  hogs  can  then  be 
pushed  along  as  fast  as  practical,  while  the  breeding  animals  should 
be  allowed  the  run  of  a  pasture  where  green  feed  and  pure  water 
are  available,  and  exercise  may  be  taken  freely. 

Keep  the  breeding  animals  growing  as  long  as  possible,  and  do 
not  at  any  time  allow  excessive  fat  to  accumulate.  This  is  a  detri- 
ment to  any  animal  intended  primarily  for  breeding  purposes. 
Keep  the  boar  and  sow  in  a  medium  fleshy  condition.  This  can  k^ 
done  by  allowing  plenty  of  range,  and  withholding  fattening  feed? 
such  as  corn  and  peanuts.  Give  plenty  of  feeds  rich  in  protein  such 
as  clover,  alfalfa,  peas,  beans,  bran  or  middlings,  and  when  possible 
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make  the  hogs  glean  part  of  their  livelihood  by  harvesting  the  feeds 
which  have  been  planted  especially  for  them.  By  so  doing  the 
boar  will  be  more  active  and  prepotent,  getting  larger  and  stronger 
pigs;  while  the  sow  will  be  less  likely  to  have  trouble  at  farrowing 
time,  and  will  not  so  readily  eat  or  overlay  her  young. 

The  breeding  animals  should  be  fed  well  at  all  times,  but  under 
no  circumstances  should  they  be  crowded.  The  boar  should  have  a 
heavier  ration  during  the  breeding  season  than  otherwise  as  the 
work  which  is  being  done  requires  energy,  while  the  sow  should  be 
especially  well  fed  and  cared  for  during  the  time  she  is  suckling 
her  pigs.  It  is  not  so  likely  that  the  feeding  will  be  overdone  at 
this  time  as  the  pigs  are  a  heavy  draw  oh  the  mother.  Feed  with 
judgment,  taking  into  consideration  the  work  which  the  animal  is 
doing.  Do  not  under  any  circumstances  keep  breeding  animals 
confined  in  small  unsanitary  lots  or  buildings.  Give  them  exercise, 
sunshine,  and  pure  water,  even  if  it  is  necessary  to  do  so  in  a  large 
dry  lot.  Do  not  confine  them  simply  because  pasture  is  not  avail- 
able. The  other  important  necessities,  sunshine,  fresh  air,  pure 
water  and  exercise  can  be  furnished  in  a  dry  lot  as  well  as  in  a 
pasture,  although  pasture  should  be  furnished  when  possible,  espe- 
cially for  the  beneficial  effect  the  green  material  will  have  on  the 
digestive  system  and  consequently  on  the  general  health  and  vigor  of 
the  animals. 

AGE  TO  BBEED  TOUNG  ANIMALS. 

It  is  not  a  wise  practice  to  breed  young  sows  before  they  are  eight 
months  old,  and  better  still  if  they  are  allowed  to  go  until  they  are 
ten  months  or  even  a  year  old.     It  is  especially  advisable  to  keep 


Fio.  3.— Berkahire  Gllt«  Showing  Proper  Type. 


the  less  vigorous  females  from  the  boar  until  they  are  one  year  old 
as  the  extra  work  of  nourishing  a  litter  of  pigs  will  greatly  sap 
their  vitality.  A  sow  which  is  bred  too  young  never  develops  into 
the  strong,  robust,  healthy  animal  necessary  to  do  long,  useful  service 
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in  the  herd.  Where  two  litters  of  pigs  are  raised  each  year,  the 
wisdom  of  allowing  the  young  sows  to  go  well  along  toward  maturity 
before  breeding  is  evident.  If  the  young  females  are  robust  and 
vigorous,  they  may  be  bred  at  eight  months,  and  the  results  will 
be  quite  satisfactory.  The  tendency,  however,  with  many  breeders 
is  to  put  the  females  to  work  entirely  too  early  in  life.  The  result 
is  that  they  not  only  fail  to  mature  properly,  but  their  offspring 
generally  makes  a  slow,  unsatisfactory  growth,  and  conscquentlv 
the  succeeding  generations  arc  likely  to  be  inferior  breeders  also.  If 
a  young  so\V  is  bred  for  spring  farrow,  she  should  really  go  over  until 
the  following  spring  before  farrowing  the  second  time,  and  after 
that  be  bred  twice  per  y(^r.  This  may  seem  to  some  like  a  waste 
of  time,  but  the  extra  strong  pigs  reared  during  the  life  of  females 
managed  in  this  way  will  easily  make  up  for  the  loss  of  time  in 
starting. 

The  young  boar,  like  the  young  sow,  should  not  be  used  too  often 
and  not  too  early  in  life.  If  he  is  allowed  to  serve  sows  when  he  is 
much  less  than  eight  months  old,  it  is  likely  to  injure  him.  AVith 
the  boar,  however,  it  is  somewhat  different  than  with  the  sow  as  he 
can  be  served  a  few  times,  and  gradually  brought  into  regular  service 
without  placing  the  entire  strain  upon  him  at  once. 

CONDITION  OF  SOWS  FOR  BREEDING. 

Females  intended  for  breeding  purposes  should  be  in  medium 
condition  at  time  of  service.     This  condition  should  be  maintained 
quite  uniformly  until  farrowing  time  as  sows  in  high  condition  at 
this  period  are  often  feverish  and  experience  considerable  trouble 
giving  birth  to  their  young.     A  half  starved  condition  during  the 
period  of  gestation  is  very  harmful,  as  the  litter  can  not  be  nourished 
properly  in  utero,  and  after  the  pigs  begin  to  suckle  heavily  it  is 
impossible  to  get  the  mother  back  to  her  normal  strength.     If  the  sow 
is  fed  on  cooling  feeds  during  the  period  of  gestation,  she  will  be 
much  better  prepared  to  meet  the  demands  of  motherhood.      Xot 
until  the  pigs  are  three  or  four  weeks  old,  should  she  be  placed  on 
a  heavy  ration.     After  this  time,  liberal  feeding  may  be  resorted 
to  without  harm  to  the  mother  or  litter.      During  the  gestation 
period  the  sow  should  have  an   abundance  of  exercise  and  succu- 
lent feed,  as  nothing  will  be  of  greater  benefit  in  preparing  her  to 
farrow  a  strong,  healthy  litter  of  pigs.     This  will  also  have  a  ten- 
dency  to   correct   the   evils   resulting   from   an   ill-balanced  ration 
should,  for  any  reason,  a  ration  of  this  character  be  fed.    In  fact. 
exercise  is  one  of  the  best  correctives  for  an  animal  which  is  beinc 
ffd  a  heavy  fattening  ration.    With  experienced  breeders,  over-feed- 
ing of  this  sort  rarely  if  ever  occurs,  but  with  the  beginner,  some- 
times the  outconio  can  not  be  regulated  satisfactorily.     If  at  any 
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time  brood  sows  have  a  tendency  to  become  too  fat  near  farrowing 
time,  the  feed  should  be  decreased  and  the  amount  of  exercise  in- 
creased, but  the  change  should  be  made  gradually  or  serious  trouble 
may  arise. 

Linseed  meal  is  an  excellent  feed  for  the  brood  sow  owing  to  the 
cooling  effect  of  a  ration  containing  this  material.  The  percentage 
of  protein  in  linseed  meal  is  high,  consequently  there  is  no  tendency 
to  lay  on  fat  in  excess  of  the  needs  of  the  animal  body,  and  the 
laxative  effect  of  this  feed  keeps  the  digestive  system  in  proper  con- 
dition for  farrowing.  If  linseed  meal  is  not  fed  regularly,  it  is  a 
good  plan  to  provide  for  a  small  amount  of  it  or  a  similar  material 
ill  the  ration  about  three  or  four  week^  before  the  sow  farrows.  A 
ration  composed  largely  of  corn,  fed  at  this  time,  is  exceedingly  bad 
as  it  keeps  the  system  heated  and  feverish  and  results  in  much 
trouble  at  farrowing  time.  If  a  half-pound  of  linseed  meal  is  fed 
to  each  sow  three  weeks  prior  to  farrowing,  the  results  will  generally 
be  quite  satisfactory.  Farrowing  time  is  a  critical  stage  in  swine 
management,  and  additional  feed  of  the  proper  composition,  and 
extra  care,  will  prove  highly  remunerative  to  the  swine  farmer. 

CARE  OF  SOW  AND  PIGS  AT  FARROWING  TIME. 

About  two  weeks  before  the  sow  is  ready  to  farrow,  she  should  be 
taken  from  the  others  in  the  herd  and  placed  in  a  small  lot  or  pasture 
by  herself.  This  will  give  her  time  to  become  accustomed  to  the 
new  surroundings  before  farrowing.  If  she  is  molested  by  other 
animals,  it  may  cause  much  trouble  and  loss.  Leave  the  sow  to  her- 
sdf  as  much  as  possible,  unless  it  is  with  the  regular  feeder  who 
should  understand  thoroughly  how  to  handle  each  individual  animal 
in  the  herd.  Much  of  the  success  in  swine  raising  is  due  to  having 
the  proper  attendant  who  is  always  on  hand  at  farrowing  time. 

See  that  proper  shelter,  bedding,  feed  and  water  are  provided 
regularly  and  in  sufficient  quantities.  A  few  days  before  the  sow 
farrows,  she  will  show,  signs  of  uneasiness  and  probably  arrange  her 
bed.  Cater  to  her  wants  and  she  will  generally  bring  a  large,  strong 
litter  of  pigs  in  return  for  the  trouble.  The  attendant  should  watch 
the  sow  carefully  at  the  time  the  pigs  are  expected  to  come,  and 
render  any  help  that  is  needed.  Do  not  trouble  her,  however,  unless 
necessary.  If  the  sow  has  been  fed  properly  and  allowed  plenty 
of  exercise  during  the  gestation  period,  few  times,  if  ever,  will  help 
be  needed. 

Some  breeders  follow  the  practice  of  removing  the  pigs  from  the 
sow  as  soon  as  they  have  been  delivered,  and  in  many  cases,  it  is 
advisable  especially  if  the  weather  is  cold,  and  the  pigs  are  likely 
to  be  chilled  before  the  mother  can  care  for  them.     Then,  too,  some 
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of  the  pigs  may  be  overlaid  by  the  sow  during  the  time  she  is  far- 
rowing. A  large,  clumsy  sow,  or  one  which  is  in  a  fattened,  feverish 
condition  is  most  likely  to  do  this.  With  the  average  farmer  it  l«? 
not  likely  that  he  will  follow  the  practice  of  removing  the  pigs,  yet 
if  there  is  any  danger  of  losing  them  from  cold,  or  accident, 
they  should  be  taken  from  the  mother  and  placed  in  a  basket  filled 
with  straw,  grass  or  bran.  If  the  cold  is  more  than  ordinary,  the 
pigs  may  be  taken  to  the  fire  until  they  are  thoroughly  dried,  and 
returned  to  the  mother  every  hour  or  two  for  nourishment  until  it 
is  safe  to  leave  them  with  her. 

It  is  a  practice  commonly  followed  by  breeders  to  pinch  off  the 
black  teeth,  as  it  often  saves  much  trouble  and  annoyance  to  the 
young  pigs  when  they  become  old  enough  to  fight  rather  vigorouslv. 
These  teeth  are  snipped  off  when  the  pigs  are  quite  young,  often 
just  after  birth.  If  the  pigs  are  taken  from  the  mother  as  recom- 
mended in  some  cases,  the  operation  can  be  performed  without  incon- 
veniencing them  in  the  least. 

If  good  judgment  is  used  in  feeding  the  sow  during  the  gestation 
period,  and  plenty  of  water,  exercise  and  sunshine  are  provided, 
success  will  generally  be  insured  at  farrowing  time.  After  far- 
rowing, the  sow  will  be  in  a  feverish  condition,  and  the  ration  should 
be  light  and  especially  palatable  for  a  few  days.  She  will  not  eat 
much  at  first,  but  gradually  the  desire  for  her  regular  feed  will 
return.  If  in  the  winter  time,  heat  the  drinking  water  to  remove 
the  chill.  See  that  she  is  properly  bedded  at  all  times  with  short 
fine  straw,  and  warm  shelter  is  provided.  Warm  skim-milk,  wheat 
middlings,  ground  corn  and  sifted  oats  make  a  good  slop  for  the  sow 
and  her  pigs  during  the  suckling  period.  If  skim-milk  is  not  avail- 
able, a  small  amount  of  tankage  may  be  used.  Keep  the  sow  and 
litter  in  the  lot  for  two  or  three  weeks  prior  to  being  placed  on 
pasture.  If  possible  provide  a  separate  pasture  for  each  sow  until 
the  pigs  are  weaned.  After  this  they  may  be  cared  for  as  the  owner 
sees  fit.  Pigs  intended  for  breeding  may  then  be  placed  in  one 
pasture,  and  those  for  fattening  purposes  in  another,  where  special 
care  can  be  given  each  lot  of  pigs  as  necessity  requires. 

MILKING  CAPACITY  OF  BBOOD  SOWS. 

The  milking  capacity  of  brood  sows  varies  greatly,  both  from 
hereditary  qualities  and  the  character  of  the  feed  furnished.  Their 
capacity  in  this  respect  varies  the  same  as  with  dairy  cattle.  Brood 
sows  which  are  not  capable  of  furnishing  sufficient  milk  to  nourish 
a  litter  of  strong,  thrifty  pigs  should  be  discarded.  Failure  to  get 
the  proper  growth  and  size  on  suckling  pigs  is  often  due  t»  an 
inadequate  milk  supply.  It  may  be  due,  however,  to  the  milk  lack- 
ing in  nourishment  or  directly  to  an  improper  feed  supply  for  the 
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mother.  The  first  fault,  however,  the  natural  deficiency  in  milk 
production,  is  the  one  to  receive  primary  consideration.  For  the 
foundation  herd  only  females  should  be  selected  which  are  naturally 
heavy  milkers,  and  when  they  are  discarded  their  place  should  be 
filled  with  animals  descended  from  females  having  the  same  char- 
acteristics. Other  desirable  qualities  should  not  be  ignored,  how- 
ever, in  selecting  females  for  large  milking  capacity.  Size,  stamina, 
constitution,  form  and  quality  should  be  duly  considered  in  selecting 
an  animal  for  breeding  purposes. 

PERIOD  OF  USEFULNESS. 

The  length  of  time  that  the  male  and  female  do  service  in  the 
herd  should  be  limited  only  by  natural  causes.  This  implies,  of 
necessity,  that  the  original  breeding  stock  was  of  the  proper  type, 
since  no  animal  can  be  eliminated  from  the  herd  too  quickly  if  it 
has  nothing  to  commend  it  as  a  breeder.  Select  the  useful  animals 
as  indicated  by  size,  quality,  form  and  breeding  capacity.  Give 
them*  a  fair  trial  and  if  they  prove  to  be  satisfactory  breeders,  retain 
them,  if  lacking  in  any  way  discard  them.  A  tried  and  proved 
individual  is  worth  a  half  dozen  untried  ones.  Both  male  and  female, 
if  properly  fed  and  cared  for  should  be  able  to  breed  satisfactorily 
for  five  or  six  years.  Masterpiece,  one  of  the  great  Berkshire  boars 
is  breeding  vigorously  at  eight  years  of  age.  After  long  service, 
however,  the  boar  may  become  clumsy  and  unable  to  handle  himself 
properly.  He  should  be  discarded,  therefore,  before  his  prepotency 
begins  to  weaken.  The  sow,  too,  in  some  cases  becomes  indifferent, 
large  and  clumsy,  often  overlaying  her  pigs.  Such  females  should 
not  be  retained,  as  they  will  likely  not  breed  satisfactorily  again. 

It  is  better  to  discard  these  animals  and  replace  them  with  indi- 
viduals selected  from  "the  younger  stock  in  the  herd.  Generally 
speaking,  when  a  breeding  animal,  male  or  female,  becomes  indiffer- 
ent, and  they  lose  their  natural  energy  and  vitality  which  every 
good  breeder  possesses,  they  should  be  replaced  with  new  individuals. 

Some  men  nave  the  idea,  however,  that  breeding  animals  have 
♦  served  their  period  of  usefulness  at  the  end  of  the  second  or  third 
year.  This  is  a  grave  mistake.  No  man  can  afford  to  sacrifice  a 
good  breeder  under  any  circumstances,  considering  the  matter  from 
a  practical  standpoint.  Do  not  keep  animals,  however,  after  their 
energy,  vitality  and  breeding  powers  begin  to  weaken.  This  is 
just  as  grave  a  mistake  as  to  sacrifice  them  because  they  are  some- 
what aged. 

It  is  hardly  probable  that  when  a  man  starts  in  the  swine  raising 
business  every  female  he  selects  will  be  a  satisfactory  breeder. 
These  unsatisfactory  individuals  must  be  replaced  by  new  and  prob- 
ably untried  ones,  if  they  are  selected  from  the  owner's  herd,  and 
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this  necessarily  is  the  most  practical  method  of  improvement.  Con- 
sequently every  breeder  should  aim  to  reserve  his  choicest  females 
to  replenish  the  herd  as  the  older  animals  are  eliminated. 

NUMBER  OF  UTTERS. 

The  number  of  litters  to  raise  each  year  will  depend  altogether 
on  the  vitality  of  the  females  in  the  herd,  as  well  as  on  the  equip- 
ment, such  as  buildings  and  pens,  for  successfully  housing  young 
pigs  during  the  winter  months.     Under  southern  conditions,  two 
litters  may  be  raised  without  incurring  much  additional  expense  for 
winter  feeding  if  the  herd  is  managed  properly.    However,  immature 
females  should  be  bred  only  once  per  year.     If  two  litters  are  pro- 
duced, unless  the  felnales  are  exceptionally  strong  individuals,  the 
normal  growth  will  very  likely  be  materially  checked.    Only  strong, 
vigorous,  mature  brood  sows  should  be  bred  twice  per  year.     In  plan- 
ning for  two  litters  it  is  best  to  have  the  pigs  come  as  early  in  the 
spring  as  is  consistent  with  climatic  conditions.     By  so  doing,  the 
pigs  may  be  weaned  by  May  first  to  fifteenth,  and  the  sows  T>red 
again  early  in  June.     This  will  give  the  fall  pigs  an  opportunity 
to  make  a  good  start  in  life  before  the  colder  weather  comes  on. 
This  is  an  important  matter,  as  young  pigs  once  stunted  by  cold 
or  improper  feeding  will  never  make  up  for  the  loss,  at  least  not 
without  considerable  additional  expense.     If  a  man  is  so  situated 
that  he  can  care  for  very  young  pigs  during  the  severest  weather,  it 
is  not  so  important  to  have  the  pigs  come  early  in  the  fall.     For  the 
smaller  farmer,  however,  early  fall  pigs  will  make  better  headway, 
as  they  will  attain  sufficient  size  to  withstand  the  colder  days  and 
nights  later  in  the  season. 

It  is  very  essential  in  rearing  two  litters  per  year  to  provide  plenty 
of  green  feed,  as  the  young  pigs  get  their  start  from  the  milk  of  the 
mother,  and  unless  feeds  are  supplied  which  stimulate  milk  produc- 
tion, a  great  loss  will  necessarily  follow.  It  is  comparatively  easy 
under  southern  conditions  to  supply  pasture  at  least  ten  months  in 
the  year,  and  thus  give  the  pigs  an  opportunity  to  make  their  normal 
growth.  This  is  an  important  phase  of  the  swine  business  which  is  • 
too  often  neglected,  and  one  which  must  be  remedied  before  the 
industry  is  placed  on  a  creditable  basis.  Farm  grown  feeds  should 
constitute  a  large  part  of  the  ration,  as  they  will  cheapen  the  cost 
of  production  greatly. 

In  growing  two  litters,  provide  plenty  of  shelter,  breed  only  from 
fully  matured  stock,  and  supply  rich  green  feeds  in  abundance  the 
year  around  if  possible.  When  these  feeds  are  properly  supple- 
mented with  concentrates  such  as  corn  and  middlings,  success  is  most 
likely  to  follow,  provided  the  herd  has  otherwise  been  properly 
raanaffed. 
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SIZE  OF  LITTERS. 

The  size  of  the  litter  will  depend  quite  largely  on  the  individuality 
and  prolificacy  of  the  sow  and  her  general  care  and  treatment.  Age 
will  influence  prolificacy  within  certain  limits.  Young  sows  with 
their  first  farrow  do  not  generally  give  birth  to  large  litters,  and 
this  is  quite  well  since  if  six  or  seven  strong,  healthy  pigs  are  raised 
to  maturity,  the  young  sow  has  performed  her  part  well.  Older  and 
larger  sows  will,  as  a  general  thing,  bring  larger  litters,  and  raise 
them  satisfactorily.  There  is  a  reason  for  this,  however,  and  it 
should  be  carefully  considered  before  a  young  sow  is  discarded 
because  she  brings  small  litters.  The  mature  female,  that  is,  one 
having  her  normal  growth  of  bone  and  muscle,  can  spend  all  of  her 
energy  in  nourishing  her  pigs  with  the  exception  of  that  portion 
used  in  maintaining  her  own  body.  Young  sows  on  the  other  hand 
have  a  third  mission  to  perform,  and  that  is  the  nourishing  of  the 
growing  tissues,  bones  and  muscles.  If  additional  effort  must  be 
made  by  the  young  sow  to  nourish  a  very  large  litter,  this  task  must 
be  performed  at  the  expense  of  the  normal  growth  of  her  own  body. 
Give  the  young  sow  a  fair  trial.  It  is  far  better  to  raise  six  or  seven 
strong,  healthy  pigs  than  to  raise  nine  or  ten  weaklings.  Take  into 
consideration  all  the  factors  influencing  size  of  litters.  Even  seven 
or  eight  strong  boned,  healthy,  vigorous  pigs  is  enough  for  the 
mature  sow,  and  especially  is  this  true,  if  she  farrows  twice  each 
year.  Give  the  females  a  fair  trial,  and  if  they  do  not  come  up 
to  standard,  after  the  second  farrow,  discard  them.  Do  not  expect 
a  dozen  or  more  pigs  in  each  litter.  If  you  have  a  female  capable 
of  doing  this  satisfactorily,  retain  her,  but  on  the  other  hand  do  not 
expect  every  animal  in  the  herd  to  equal  this  record.  This  is  an 
exception,  and  ordinarily  seven  or  eight  pigs  to  the  litter  properly 
cared  for  will  return  a  very  satisfactory  profit. 

WEANING  PIGS. 

The  weaning  of  a  litter  of  pigs  is  not  a  difiicult  task  if  they  have 
been  fed  correctly  from  the  beginning.  If  feeds  have  been  provided 
that  can  be  eaten  and  digested  readily  by  the  small  pigs,  they  can 
be  removed  from  the  mother  after  two  months  without  any  notice- 
able inconvenience.  This  is  a  critical  time  in  tlie  life  of  the  pig, 
and  an  effort  should  be  made  to  make  the  change  of  rations  gradually. 
Any  sudden  departure  from  the  normal  ration  will  be  noticed, 
especially  by  suckling  pigs,  and  they  will  be  stunted  accordingly. 
Aim  to  keep  them  growing  from  birth  until  maturity  without  a 
break  in  their  daily  gains. 

If  warm  skim-milk  can  be  provided,  the  pigs  will  soon  learn  to 
go  to  the  trough  with  the  mother  and  drink  with  her.  The  skim- 
milk  should  be  supplemented  with  wheat  middlings,  ground  corn. 
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oats,  rye,  or  tankage.  All  of  these  feeds  are  good  and  local  con- 
ditions will  determine  which  should  be  used.  Provide  green  pasture 
at  all  times  for  the  brood  sow.  Coarse,  bulky  feeds  should  not  he 
given  to  the  sow  and  her  litter  at  this  stage.  Most  of  the  feed  should 
be  in  a  concentrated  form  and  easily  digestible. 

In  carrying  out  the  feeding  directions,  a  creep  or  separate  en- 
closure should  be  provided  for  the  pigs  in  one  corner  of  the  lot  or 
pasture  to  which  the  sow  can  not  have  access.    Leave  a  space  below 
the  bottom  board  through  which  the  pigs  may  go  and  have  an  equal 
chance  with  each  other.     By  providing  this  at  the  start,  the  pigs 
learn  to  eat  early  in  life,  and  they  may  be  weaned  when  eight  weeks 
old,  and  the  sow  bred  again  for  a  second  litter  of  pigs.     If  this 
method  is  used,  the  change  of  rations  and  separation  from  the  mother 
will  scarcely  be  noticed  by  the  young  pigs  if  they  have  been  fed 
properly  up  to  this  time.     Whatever  the  method  of  management 
make  the  change  of  rations  gradually. 

The  pigs  intended  primarily  for  breeding  purposes  may  be  left 
with  the  mother  for  a  longer  time  than  stated  above,  provided  they 
do  not  suckle  too  heavily  and  cause  a  great  drain  upon  her.  Some 
breeders  do  not  wean  the  pigs  until  they  are  three  or  more  months 
old.  In  the  production  of  breeding  animals,  the  aim  should  be  to 
get  plenty  of  bone  and  muscle,  the  mother's  milk  being  especially 
conducive  to  rapid  development  of  these  parts. 

YALUE  OF  SUNSHINE. 

The  value  of  sunshine  for  young  pigs  is  of  such  great  importance 


Fig.  4.— Untlirifty,  Lousy  Hogs. 
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that   special   mention   seems   necessary.      It   is   commonly   accepted 
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among  swine  growers  that  pigs  born  during  a  continued  period  of 
^wet,  cloudy,  weather  will  receive  a  serious  setback  which  is  seldom, 
if  ever  entirely,  overcome,  and  in  many  cases  death  results,  if  the 
period  of  damp,  cold  weather  is  prolonged.  The  only  preventative 
for  this  trouble  is  sunshine.  When  the  weather  permits,  the  pigs 
should  be  out  in  the  sun  as  much  as  possible,  for  if  it  is  withheld, 
trouble  is  sure  to  arise.  Plenty  of  sunshine  in  the  clear  air  is  almost 
an  absolute  necessity  during  the  first  few  weeks  of  the  pig's  life. 
Pigs  confined  in  damp,  ill  ventilated  quarters  are  sure  to  be- 
come unthrifty  and  may  eventually  die.  There  is  no  reason  for 
close  confinement,  however,  under  southern  conditions,  as  there  is 
seldom  a  day  in  winter  when  small  pigs  can  not  have  access  to  a 
sunny  lot  or  pasture  which  will  add  greatly  to  their  health  and 
comfort. 

GESTATION  PERIOD  AND  TIME  OF  HEAT. 

The  normal  period  of  gestation  in  the  sow  is  about  one  hundred 
and  twelve  days  or  approximately  four  months.  The  extreme  range 
is  from  one  hundred  and  nine  to  one  hundred  and  forty-three  days. 
Qestatioil  tables  are  very  convenient  as  they  are  made  in  such  a  way 
that  the  date  of  farrowing  can  be  determined  readily,  providing  the 
date  of  service 'is  known.  It  is  important  to  keep  a  record  of  each 
sow,  giving  date  last  served,  as  by  doing  so  they  can  be  isolated  ten 
days  or  two  weeks  before  farrowing  time,  thus  allowing  them  to 
grow  accustomed  to  the  new  .quarters,  and  prevent  the  destruction 
of  their  litters  by  other  animals  in  the  lot  or  pasture. 

Normally,  sows  come  in  heat  about  every  three  weeks  and  remain 
80  for  three  days  or  thereabouts,  except  during  the  period  of  gesta- 
tion. The  sow  usually  comes  in  heat  about  the  third  day  after 
farrowing,  but  should  not  be  bred  at  this  time  as  the  double  task  of 
nourishing  pigs  in  utero  and  at  the  udder  would  soon  sap  the  vitality 
of  the  most  vigorous  mother.  The  sow  will  not  come  in  heat  again, 
normally,  until  ten  days  or  two  weeks  after  the  pigs  are  weaned. 
If  it  is  expected  to  rear  two  litters  per  year,  she  should  be  bred 
at  the  first  period  of  heat  after  the  pigs  are  weaned. 

Quite  often  breeders  of  pure  bred  stock  wishing  to  develop  the 
pigs  exceptionally  well  do  not  wean  them  until  after  they  are  two 
and  one-half  or  three  months  of  age.  They  then  allow  the  sows  to 
recover  fully,  which  practice  will  admit  of  growing  three  strong  lit- 
ters every  two  years  if  it  is  desired  to  do  so. 

TYPE  OF  HOUSE. 

Expensive  shelter  for  the  southern  climate  is  not  necessary.  In 
fact,  excepting  for  a  few  months  during  the  winter,  the  shelter  may 
be  very  simple  in  most  cases.     If  two  litters  are  raised  annually,  it 
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Will  bo  necessary  to  have  warm  farrowing  pens,  or  otherwise  con- 
siderable loss  may  occur  during  the  winter  from  sows  farrowing 
at  this  time.  For  most  cases,  however,  the  A-shaped  house,  large 
enough  for  one  sow  and  her  litter,  or  the  common  shed-roof  house 
open  to  the  south  will  suffice.  These  will  allow  the  sunshine  to 
thoroughly  warm  the  quarters  during  the  day  and  still  be  comfort- 
able at  night,  even  during  stormy  weather,  if  sufficient  bedding  is 
provided.  If  a  sash  of  glass  is  used,  these  open  houses  may  be 
closed,  with  the  exception  of  a  small  opening  to  allow  the  sow  and 


Fio.  5.— Shed  Roof  Hog  House. 

her  litter  access  to  the  buildings.  Fig.  5  shows  a  shed-roof  house 
which  has  been  used  satisfactorily  during  the  past  two  winters  on 
the  Station  farm.  The  double  farrowing  pens  open  to  the  south 
have  also  been  used  successfully  in  rearing  sixty  spring  pigs.  At 
no  time  did  occasion  demand  larger  or  more  expensive  shelter.  It 
is  possible  that  for  exceptionally  early  spring  pigs,  a  building  en- 
tirely closed  could  be  used  to  advantage.  If  such  is  the  method 
of  construction,  large  sized  glass  sashes  should  be  placed  in  the 
front  to  give  the  sunshine  access  to  the  building. 

The  A-sliaped  house  is  used  especially  under  field  conditions  on 
the  Station  farm  after  the  sow  and  her  litter  are  turned  to  pasture. 
These  houses  can  be  moved  conveniently  from  one  pasture  to  another 
and  thus  be  used  on  any  part  of  the  farm.  The  small  portable  houses 
have  an   advantage  over   the  combination  houses,   as  they  can   be 
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placed  in  any  field  on  the  farm  and  thus  prevent  the  spread  of 
contagious  disease.  This  type  of  house,  while  not  as  convenient  as 
the  combination  house,  has  every  advantage  from  the  standpoint  of 
sanitation.  It  is  a  well-known  fact  that  hogs  will  thrive  better  when 
partially  isolated  than  when  confined  in  large  droves  and  closely 
penned.  The  colony  system  makes  it  much  easier  to  keep  the 
premises  clean  and  sanitary,  as  disease  germs  and  filth  are  not  so 
likely  to  accumulate  under  such  conditions.  It  has  the  advantage 
also  of  allowing  the  droppings  to  be  uniformly  distributed  over  the 
farm.  It  is  especially  desirable  to  have  the  large  combination  hog- 
bouse  for  use  at  farrowing  time  in  those  sections  of  the  country 
where  the  climate  is  rigorous,  and  the  young  pigs  require  constant 
attention.    Where  the  sows  are  close  together  in  a  house  of  this  type 


Fio.  6.— <;ionatructlng  the  A-ehaped  Hog  House. 

conveniently  arranged,  one"  man  will  be  able  to  care  for  a  large  herd, 
whereas,  if  they  are  widely  separated,  the  work  required  to  care  for 
them  is  much  greater.  Under  North  Carolina  conditions  it  is  not 
necessary,  however,  to  provide  such  an  expensive  building,  as  the 
individual  farrowing  pens  will  serve  every  purpose  if  careful  atten- 
tion is  given  to  the  details  of  construction  and  arrangement. 

The  illustration  (Fig.  7)  showing  an  A-shaped  house  is  a  good 
example  of  a  simple  practical  shelter  for  the  less  rigorous  southern 
climatic  conditions.  This  type  of  house  is  in  constant  use  on  the 
Station  farm,  both  winter  and  summer,  and  it  serves  our  purpose 
admirably  and  is  comparatively  inexpensive  to  erect  and  maintain. 
These  houses  may  be  built  with  permanent  skids  under  them  ready 
for  moving  at  any  time,  but  it  is  probably  a  wiser  plan  to  use  a 
temporary  form  of  runner,  as  the  permanent  ones  will  rot  out  in 
time  and  necessitate  repair   at   considerable  trouble   and   expense. 
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With  the  temporary  skid,  this  objectionable  feature  is  eliminated. 
During  the  fall  months  when  the  hogs  are  being  fattened  for  market, 
several  of  these  houses  may  be  moved  into  one  lot,  and  used  as 
shelter  for  large  shotes.  By  providing  several  shelters  of  this  kind, 
fat  hogs  are  not  so  likely  to  pile  up  and  suffocate  as  where  one  large 
€hed  is  in  use. 


Fia.  7.— The  A-«haped  Hog  House. 

PASTURES  AND  FENCING. 

It  is  not  a  wise  practice  to  undertake  raising  hogs  on  a  commercial 
scale  without  proper  pasture  and  fencing  material,  as  the  hogs  shoidd 
be  divided  into  lots  according  to  age,  size,  and  sex,  otherwise  the 
large  ones  crowd  the  small  ones  away  from  the  feeding  troughs, 
which  results  in  a  number  of  stunted  pigs ;  or  in  the  case  of  males 
and  females  in  the  improper  control  of  the  breeding  animals. 

The  fences  may  be  constructed  of  twenty-six  inch  woven  wu« 
fencing  which  usually  can  be  purchased  for  forty  to  forty-five  cents 
per  rod.  AVith  wire  of  this  kind  one  post  every  twenty-five  feet 
will  turn  hogs  satisfactorily.  While  this  material  is  rather  expen- 
sive on  the  start,  a  good  galvanized  wire  fencing  will  last  indefinitely 
and  more  than  repay  for  itself  in  a  few  years. 

It  is  of  practical  necessity  to  have  one  quite  large  hog  pasture 
where  dry  sows  or  shotes  may  be  turned,  and  there  glean  a  con- 
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siderable  portion  of  their  livelihood.  In  the  corn-growing  states  it 
is  becoming  quite  common  for  the  farmers  to  fence  the  entire  farm 
and  thus  utilize  their  crops  at  any  time  when  occasion  calls  for  this 
system  of  management.  Standard  wire  fencing  material  will  not 
need  to  bo  replaced  for  a  comparatively  long  time,  and  the  extra 
hogs,  and  healthy  surroundings  prevailing  under  such  circumstances 
will  go  a  long  way  toward  paying  for  the  equipment.  Many  farmers 
who  are  using  this  system  speak  highly  of  the  practicability  of  it 
and  would  under  no  circumstances  undertake  to  manage  their  hogs 
without  it. 

If  the  pastures  are  large  and  well  fenced,  hogs  will  seldom,  if 
ever,  give  trouble  by  crawling  under  the  wire.  The  secret  of  this 
system  of  management  is  that  the  hogs  are  surrounded  with  con- 
ditions quite  similar  to  those  which  existed  in  their  natural  habitat. 

BREEDING  CRATE. 

The  breeding  crate  is  a  practical  necessity  on  a  farm  where  a 


Fio.  8.— Breeding  Crate. 
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added  to  the  breeding  herd  each  year.  It  is  not  necessary  to  pro- 
vide the  crate  for  strong,  mature  females  unless  a  yonng  boar  is 
used.  In  this  instance,  the  females  may  be  so  much  larger  that 
some  device  must  be  used  to  raise  the  boar  to  a  height  sufficient  to 
allow  him  to  serve  satisfactorily,  and  thus  insure  conception.  The 
breeding  crate  may  be  purchased  with  a  device  for  raising  and  lower- 
ing the  male  to  accommodate  the  female,  and  also  an  arrangement  to 
sustain  the  weight  of  the  male  from  young  sows  during  service. 
The  home  made  crate,  however,  can  be  arranged  to  provide  for 
females  of  large  or  small  size,  and  to  sustain  the  weight  of  the  large 
mature  male. 

In  Fig.  8  is  shown  a  home  made  crate  which  any  farmer  who  i« 
handy  with  the  hammer  and  saw  can  construct  in  one  day,  and  the 
labor  and  material  need  not  cost  more  than  three  dollars. 

While  it  may  not  seem  necessary  to  provide  this  artificial  arrange- 
ment for  breeding  young  sows,  the  wisdom  of  it  will  be  fully  empha- 
sized after  a  valuable  young  female  is  made  prematurely  useless  by 
subjecting  her  to  the  weight  of  an  amorous  male.  It  is  possible  that 
a  crate  will  not  be  used  more  than  two  or  three  times  during  the 
year,  yet  its  use  during  one  service  may  save  many  times  the  original 
cost  of  the  device. 

BEDDING. 

Bedding  material  should  be  furnished  in  comparatively  small 
amounts  and  should  be  applied  often.  When  a  large  quantity  is 
used  a  considerable  portion  of  it  is  wasted,  as  the  hogs  trample  over 
it  and  contaminate  the  extra  amount  which  must  be  removed  when 
cleaning  and  disinfecting  is  done.  Large  quantities  of  coarse,  stiff 
bedding  given  to  the  sow  at  farrowing  time  is  especially  objection- 
able as  the  pigs  may  become  entangled -in  it  and  failing  to  extri- 
cate themselves,  may  be  overlaid  by  the  mother.  This  can  be 
avoided  by  providing  smaller  amounts  of  fine,  clean  bedding  at 
frequent  intervals.  Such  a  plan  is  more  economical;  there  is  less 
chance  of  disease  germs  breeding  and  not  the  same  element  of  danger 
with  the  pigs.  Bedding  is  in  many  instances  quite  expensive,  and 
should  therefore  be  used  judiciously,  carefully  saving  all  the  manure 
which  accumulates  from  its  use. 

Probably  the  best  and  most  plentiful  material  for  bedding  is 
pine  straw.  This  is  naturally  an  ideal  material  as  it  is  short,  fi.ne 
and  thus  not  likely  to  entangle  the  pigs.  It  has  strong  disinfecting 
qualities  in  the  turpentine  which  it  contains,  making  it  one  of  the 
best  natairal  bedding  materials  under  southern  conditions,  and  where 
large  quantities  are  at  hand,  it  should  be  used  especially  for  sows 
at  farrowing  time. 

Fine,  dry  pine  shavings  are  sometimes  used.     Wheat  straw  and 
rye  straw  are  good  if  properly  prepared  either  by  cutting  or  break- 
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in^  into  fine  portions.  For  large  hogs  this  is  not  necessary,  but  for 
small  pigs  it  is  dangerous  to  allow  them  with  the  mother  in  a  bed 
of  very  coarse  straw.  Apparent  kindness  in  filling  the  farrowing 
pen  with  such  material  may  be  the  cause  of  great  loss  with  young 
pi^.  Refuse  corn  stover  if  dry  and  clean  makes  a  good  bedding 
material  for  shotes,  and  even  for  young  pigs,  if  properly  prepared. 

Under  ideal  conditions,  the  bedding  material  should  be  removed 
from  the  houses  each  week  or  at  h  ast  every  two  weeks  and  the  pens 
thoroughly  disinfected.  After  the  houses  are  disinfected,  they  should 
be  thoroughly  exposed  to  the  air  and  sunshine  to  dry  them  out  before 
now  bedding  is  given.  This  is  important,  for  if  the  dry  bedding 
material  is  placed  on  a  damp  floor,  it  makes  very  undesirable  sleep- 
ing quarters.  Such  a  condition  provides  an  admirable  place  for 
disease  germs  to  accumulate  and  breed.  Pigs  are  also  very  suscepti- 
ble to  dampness,  which  often  causes  much  annoyance  and  loss  from 
rheumatic  troubles.  Careful  attention  in  providing  dry,  warm  beds 
for  the  sows  during  the  farrowing  season,  and  for  the  weanlings  dur- 
ing the  colder  months  will  usually  avert  considerable  loss. 

COMBINATION  OF  FEEDS. 

Eeed-stuflFs  are  classified  as  nitrogenous  and  carbonaceous.  The 
nitrogenous  feed-stuflFs  are  used  by  the  animal  body  for  the  produc- 
tion of  muscle  or  lean  meat,  and  to  a  small  extent  for  the  formation 
of  bone.  The  carbonaceous  feed-stuffs  are  used  for  the  production 
of  h(  at,  energy  and  animal  fat.  In  compounding  a  ration,  therefore, 
the  feeds  should  be  combined  in  such  a  proportion  that  they  will 
form  a  balanced  ration,  that  is  one  which  contains  the  body  require- 
ments of  protein,  carbohydrates  and  fat.  It  is  not  a  difficult  matter 
to  provide  this  under  southern  conditions  because  of  the  great  variety 
of  feeds  which  can  be  grown.  From  the  time  the  pig  is  a  mere 
weanling  until  he  is  ready  for  the  market,  it  is  not  necessary  for 
the  ration  to  be  unbalanced  as  both  nitrogenous  and  carbonaceous 
feeds  can  be  grown  in  abundance.  It  is  not  the  intention  to  give 
the  impression  that  commercial  feeds  can  not  be  used  profitably, 
although  they  should  not  be  used  to  a  large  extent  especially  after 
the  pigs  have  been  weaned.  Field  crops  should  be  provided  for 
the  pigs  when  they  arrive  at  this  age,  and  a  comparatively  small 
amount  of  commercial  feeds  used  thereafter. 

For  the  brood  sow  suckling  pigs  in  the  spring,  the  following  ration 
will  give  good  results: 

Com  meal  4  ponnSs. 

Soja  beans 2  pounds. 

Wheat  middlings  1  pound. 
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The  feeds  composing  this  ration  should  be  thoroughly  ground, 
with  the  exception  of  the  middling,  mixed  dry  and  moistened  with 
enough  water  to  make  a  slop  which  will  pour  freely.  The  soja  beans 
and  wheat  middlings  provide  the  protein,  and  the  com  meal  the 
carbohydrates.  Aside  from  this,  it  is  well  to  feed  some  shelled  corn 
to  the  pigs  in  order  that  they  may  learn  to  masticate  their  feed  early 
in  life.  A  green  grazing  crop  should  always  be  provided,  such  as 
fall  rye,  Canada  field  peas  and  oats  combined,  or  rape,  all  of  which 
will  materially  aid  the  sow  in  providing  milk  for  her  litter. 

The  ration  given  above  and  the  comments  following  are  intended 
only  to  serve  as  an  example  concerning  the  combination  of  feeds  to 
furnish  a  balance  of  nutrients.  The  following  ration  is  also  suited 
for  a  sow  suckling  pigs: 

Corn  meal 4  pounds. 

Wheat  middlings  3  pounds. 

Tankage  1  pound. 

The  wheat  middlings  and  tankage  furnish  the  protein  and  the 
corn  meal,  the  carbohydrates.  Corn  is  one  of  the  feeds  most  com- 
monly used  in  the  ration  for  swine,  but  it  is  safe  to  say  that  under 
southern  conditions  there  is  never  a  time  when  it  can  not  be  supple- 
mented- with  a  nitrogenous  feed  profitably.  Some  of  the  more  com- 
mon feeds  for  this  purpose  will  include  cowpeas,  soja  beans,  wheat 
middlings,  oil  meal  and  tankage.  These  are  all  concentrated  feeds 
and  should  be  fed  largely  in  the  form  of  a  slop.  The  nitrogenous 
roughages  used  for  balancing  a  carbonaceous  ration  include  those 
commonly  grown  for  grazing  crops,  such  as  cowpeas,  soja  beans, 
vetch,  clover,  Canada  field  peas  and  alfalfa. 

It  is  very  important  in  preparing  for  these  crops  to  grow  onlv 
those  which  are  adapted  to  the  soil  and  climatic  conditions  of  the 
section  of  the  state  in  which  the  farmer  resides.  The  same  might 
be  said  of  the  commercial  feeds,  as  it  is  highly  important  to  select 
those  feeds  which  contain  the  largest  percentage  of  protein  at  the 
least  cost  per  pound.  The  palatability  and  digestibility  of  the  ration 
is  an  important  consideration  also,  as  feeds  which  are  not  reh'shed 
by  hogs  will  not  ordinarily  make  profitable  gains. 

SELECTIOir  OF  FEEDS. 

Feeds  should  be  selected  according  to  their  availability,  market 
price  and  efiiciency  in  producing  growth  or  fat.  Home-grown  feeds 
should  be  used  generally  when  it  is  possible  to  produce  them  on  the 
farm.  Commercial  feeds,  while  necessary  in  certain  instances,  are 
limited  in  quantity,  and  always  command  a  price  which  makes  them 
almost  prohibitive  except  for  the  purpose  of  balancing  highly  car- 
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bonaceous  rations.  They  should  never  be  used  as  the  basal  part  of 
the  ration,  but  rather  as  supplementary  feeds.  In  purchasing  the 
supplementary  feeds,  only  those  should  be  used  which  have  given 
general  satisfaction  in  swine  feeding.  It  is  extremely  important  to 
consider  their  palatability,  since  their  actual  composition  does  not 
always  portray  their  real  practical  feeding  value.  For  example, 
cotton-seed  meal  is  a  very  rich  commercial  feed,  yet  its  use  in 
rations  for  swine  is  hazardous  except  within  narrow  limits.  While 
this  is  an  exceptional  case,  yet  in  many  instances  feeds  apparently 
valuable  do  not  return  satisfactory  results  in  practice. 

Fortunately  the  geographical  location  of  North  Carolina,  and  the 
conditions  prevailing  therein  are  well  suited  for  growing  feeds  at 
home  which  are  especially  adapted  to  the  development  of  the  swine 
industry.  The  crops  suitable  for  swine  include  oats,  rye,  wheat, 
cowpeas,  Canada  field  peas,  soy  beans,  crimson  clover,  rape,  vetch 
and  a  combination  of  these  crops,  such  as  oats  and  rape,  oats  and 
vetch,  rye  and  rape,  and  oats  and  Canada  field  peas.  These  crops 
may  all  be  easily  grown  if  proper  provision  is  made.  The  other 
important  crops  include  Bermuda  grass,  Japan  clover,  peanuts, 
chnfas,  sweet  potatoes,  artichokes,  mangels  and  turnips.  All  these 
crops  are  relished  by  swine,  and  can  be  harvested  by  the  hogs  in  the 
field  except  in  a  few  cases. 

There  is  very  little  necessity,  in  fact,  for  the  farmer  to  be  burdened 
with  the  selection  and  purchase  of  commercial  feeds,  and  when  it 
becomes  necessary,  due  consideration  should  be  given  to  this  task^ 
as  feeds  vary  considerable  in  their  important  constituents.  The 
quantity  of  feed  secured  in  too  many  cases  is  the  guide  in  selecting, 
whereas  the  quality  should  be  given  first  consideration.  When  the 
farmer  buys  a  commercial  feed,  he  as  a  general  thing  buys  the 
protein  in  the  feed,  consequently  that  feed  should  be  purchased  which 
contains  the  most  protein  for  the  least  money,  due  consideration 
being  given  to  the  adaptability  of  the  feed. 

During  the  suckling  stage,  the  pigs  are  ordinarily  fed  corn  meal, 
wheat  middlings,  or  some  other  concentrated  feed  which  will  make 
a  palatable,  nutritious  slop  for  the  mother  and  her  litter.  From  the 
time  they  are  weaned,  however,  the  farmer  should  grow  practically 
all  the  feeds  necessary  for  their  proper  growth,  unless  he  purchases 
some  highly  nitrogenous  feed  to  balance  the  corn.  For  this  purpose, 
tankage  has  given  general  satisfaction,  and  it  may  be  used  when  it 
can  be  secured  at  a  reasonable  price. 

(Generally  speaking,  the  farmer  can  better  afford  to  raise  his  own 
crops  than  depend  on  commercial  feeds.  The  more  common  com- 
mercial  feeds  used  for  balancing  the  corn  ration  are  wheat  middlings, 
linseed  meal  and  tankage.  Whether  commercial  feeds  can  be  used 
profitably  will  depend  on  local  conditions.     If  the  animals  are  to 
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be  sold  as  breeders  for  fancy  prices,  larger  amounts  of  commercial 
feeds  may  be  used  with  satisfaction  and  profit. 

Packing  house  by-products  used  for  feeding  purposes  usually  con- 
tain large  quantities  of  protein,  and  relatively  large  quantities  of 
bone  making  material  which  makes  them  popular  with  breeders  of 
pure  bred  swine.  It  is  seldom,  if  ever,  however,  that  they  can  be 
used  in  practical  pork  feeding  operations,  except  in  very  limited 
quantities  for  balancing  highly  carbonaceous  feeds. 

PREPARATION  OF  FEEDS. 

It  is  not  a  general  practice  to  cook  feeds  for  swine.  In  the  first 
place  it  is  questionable  whether  any  favorable  changes  take  place  in 
the  feed  by  cooking,  and  if  so,  whether  the  extra  gains  pay  a  profit 
on  the  labor  and  expense  required  to  prepare  the  feed  in  this  manner. 

Experimental  data  shows  also  that  the  nitrogenous  portion  of  the 
ration  is  rendered  less  digestible  by  cooking.  If  at  any  time  the 
cooking  of  feed  is  beneficial,  it  is  in  the  preparation  of  such  feeds  as 
potatoes  and  mangels  or  other  starchy  root  or  tuber  crops. 

In  the  colder  States  with  the  larger  breeders  and  feeders,  there 
may  be  some  excuse  for  making  special  preparation  of  feeds,  but 
with  the  Southern  farmer,  who  has  a  mild  climate  and  long  growinir 
seasons,  there  seems  to  be  little  necessity  for  this  extra  care  and 
expense.  The  soaking  of  feeds  such  as  corn  and  other  whole  grains 
is  quite  often  beneficial.  This  requires  a  relatively  small  amount  of 
trouble,  however,  and  may  be  followed  with  satisfactory  results. 
One  of  the  secrets  of  successful  hog-raising  in  the  South  is  to  pro- 
vide abundant  field  grains  and  grasses  and  allow  the  hogs  to  do  tlieir 
own  harvesting. 

NECESSITY  OF  PROTEIN  AND  ASH. 

Probably  one  of  the  most  neglected  phases  of  swine  feeding  is  the 
failure  to  supply  sufficient  protein  and  ash  in  the  ration.  This  is 
commonly  true  with  small  farmers  who  have  not  taken  the  time  to 
inquire  regarding  the  needs  of  a  hog  during  the  various  stages  of  lifo. 
Protein  and  ash  are  especially  needed  by  the  animal  while  the  bodv 
is  in  a  growing  condition.  The  reason  for  this  is  evident  when  con- 
sideration is  given  to  the  needs  of  the  growing  animal.  The  bone 
is  composed  largely  of  calcium  and  phosphorus — ash  materials— 
which  must  of  necessity  be  supplied  in  the  ration,  else  the  bony  frame- 
work does  not  attain  its  normal  size.  Likewise,  the  protein,  which 
goes  largely  to  build  up  muscles,  must  be  given  in  the  ration,  or  the 
body  does  not  attain  that  full  symmetrical  development  so  much 
desired  in  the  mature  animal.  When  these  two  nutrients  are  with- 
held, the  body  is  dwarfed  in  size,  and  afterward,  no  matter  how  well 
the  animal  may  be  fed,  the  normal  growth  can  not  be  attained. 
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I'litil  recently,  sntticidit  emphasis  has  not  always  been  placed  on  ash 
requirements.  It  must  receive  due  consideration,  however,  as  one 
of  the  most  vital  periods  in  the  growth  of  the  pig  is  during  the  stage 
of  bone  formation,  upon  which  proper  maturity  so  largely  depends. 
After  maturity,  the  quantity  of  ash  needed  is  not  so  great,  as  the 
main  requirements  of  the  latter  stage  is  material  simply  to  supply 
the  waste  tissues.  During  the  former  stage,  material  must  be  pro- 
vided for  growth  and  for  building  up  waste  tissues.  After  maturity, 
the  repairing  of  the  waste  tissues  of  the  s5'steni,  and  the  conditioning 
of  the  animal  only  need  attention.  This  accounts  for  the  fact  that 
corn  can  be  used  fairly  satisfactorily  during  the  fattening  stage.  The 
l>ony  framework  is  fully  developed,  the  muscles  are  completely 
formed,  and  the  one  thing  now  for  the  feeder  to  accomplish  is  to  put 
the  hog  in  high  condition  for  market,  which  requires  a  relatively 
large  amount  of  fat  producing  feeds  as  compared  with  the  ash  and 
prrftrin  requirements. 

SUCCESSIOir  OF  FORAGE  CROPS. 

Forage  cro])s  should  form  a  considerable  part  of  the  ration  for 
swine:  (1)  because  of  their  beneficial  effect  upon  the  digestion  of 
the  animal;  and  (2)  because  of  the  larger  and  greater  economy  of 
gains  secured.  The  value  of  these  crops  is  not  fully  realized  by 
farmers  generally,  or  greater  use  would  be  made  of  those  which  can 
1k'  grown  so  abundantly.  It  is  esp(  cially  important  also  that  more 
hguminous  crops  should  be  grown  to  improve  many  of  the  worn-out 
soils  of  the  State.  There  is  one  exception,  however,  where  green 
grazing  crops  can  not  l)e  used  profitably  for  a  swine  feed,  and  that  is 
during  the  final  fattening  stage.  At  this  time,  the  ration  should  con- 
sist largely  of  ennicentrates,  as  the  harvesting  of  bulky  feeds  would 
tend  to  retard  the  gains.  During  the  gi'owing  stage  of  the  pig,  how- 
ever, pasture  and  exercise  are  very  essential.  A  hog  which  is  kept  in 
a  small,  filthy,  unsanitary  pe^n  from  birth  until  maturity  makes  un- 
profitable gains,  and  in  gei:eral  makes  the  swine  industry  unsatisfac- 
tory to  the  man  who  follows  such  a  practice.  The  hog  should  be 
allowed  the  privilege  of  gleaning  half  his  ration  from  pasture  crops. 
Supplement  thf^^^e  pasture  crops  with  other  feeds,  preferably  those 
which  are  dry  and  coneuntrattd.  Such  a  practice  will  insure  good 
results,  giving  opportunity  fur  exercise,  sunshine  and  a  natural  free- 
dom from  disease. 

The  majority  of  the  crops  in  the  following  rotation  have  been  used 
sue*ce^ssfully  on  the  Station  farm  during  the  last  two  ytars.  The 
amount  of  forage  ne^cessary  to  provide  will  depend  on  the  size  of  the 
herd  and  the  productivity  of  the  soil.  Tht^  time  of  sending  will  like- 
wise depend  on  the  needs  of  the  farmer,  the  particular  crops  fitted 
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into  the  rotation  and  the  nature  of  the  soil.  The  time  for  scediiiir 
and  grazing  will  vary  considerable,  the  exact  dates  being  goveriicMi 
by  seasonal  conditions.  By  selecting  from  this  list  of  crops  thr.<f 
which  are  suitable  to  the  soil  and  climate,  and  the  particular  nenl* 
of  the  different  individual  farmers,  grazing  may  be  supplied  practi- 
cally during  every  month  in  the  year.     It  is  important  to  consider 


Fig.  9.— Canada  Field  Peas  and  Oats. 

carefully  the  adaptability  of  the  crops,  as  the  conditions  in  the  Stat* 
vary  so  greatly  that  it  would  Ixi  practically  impossible  to  furnish  a 
rotation  of  forage  crops  suitable  to  all  sections.  It  will  be  uoticrJ 
in  this  succession  that  there  is  some  overlapping  of  crops,  but  this 
is  a  wise  practice,  since  it  is  better  to  figure  on  an  over-supply  rather 
than  to  have  a  shortage.  Whatever  remains  unused  by  the  hug^ 
may  Ix^  plo\n^d  undc  r  to  furnish  humus  to  the  soil,  or  after  matiirinc 
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properly,  it  may  be  cut  for  hay.  Variations  of  soil  and  climate  will 
determine  to  a  large  extent  the  rotation.  Those  crops  should  be 
used  which  are  especially  adapted  to  the  general  farm  conditions  of 
the  section. 

The  variety  of  cowpeas  to  use  in  the  rotation  will  depend  on  the 
object  in  view.  If  an  early  crop  is  desired,  the  New  Era  will  give 
p:ood  results.  Clay  and  Unknown  peas  may  be  used  for  later  crops. 
Rape  should  not  be  sown  during  May,  June,  July,  and  the  first  half 
of  August  for  best  results.  Red  clover  is  not  well  adapted 
to  the  eastern  or  lower  Piedmont  sections  of  the  State,  but  in  the 
mountains  it  can  be  used  advantageously.  If  burr  clover  is  sown  on 
Bermuda  grass  sod  in  the  fall  of  the  year,  the  two  crops  will  fur- 
nish a  large  amount  of  feed  as  they  alternate,  the  Bermuda  coming 
ou  in  the  summer  and  the  burr  clover  in  the  fall  and  winter. 

The  table  following  gives  the  date  and  rate  of  seeding  and  the 
approximate  time  at  which  grazing  will  begin  and  end: 
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FORAGE  CHOPS. 


Kind  of  Forase. 

Seed  per  Acre. 

Date  of  Seedinc. 

PMod  of  Graitsg. 

Rye 

IH  bushels 

August  1 

October  1 

to 

to 

December  1 

April  20 

Rye  and 

1  bushel 

August  1 

November  15 

Crimaon 

to 

to 

Clover 

15  pounds 

October  1 

April  25 

Oato                             ~ 

IH  bushels 

September  10 

November  I 

to 

to 

to 

2  bushels 

November  15 

July  16 
November  20 

Wheat 

m  bushels 

September  15 

to 

to 

December  1 

July  15 

Oato 

IH  bushels 

August  10 

November  15 

and 

to 

to 

Vetch 

H  bushel 

October  1 

April  20 

Cowpeaa 

May  15 

July  10 

to 

to 

New  Era 

1  bushel 

July  15 

October  15 

Soy  beans 

1  bushel 

May  IS 

July  15 

to 

to 

July  15 

October  15 

Canada  field  peas 

Tbuahel 

February  15 

April  15 

and 

to 

to 

OaU 

1  bushel 

March  1 

June  15 

Alfalfa 

30  pounds 

September  1 

May  20 

to 

to 

October  15 

September  30 

Bermuda  gran 

Rootstalks  every 

March  15 

June  1 

second  round 

to 

to 

of  plow 

May  15 

August  15 

Spanish  peanuts 

2  bushels  In  hulls 

May  15 

September  1 

to 

to 

July  15 

December  15 

Sweet  potatoes 

10.000  planu  to  acre 

Mayl. 

September  15 

to 

to 

Julyl 

December  1 

Mangels 

4  to  5  pounds 

April  20 

October  15 

to 

to 

May  15 

January*  1 

Chufaa 

2  bushels 

AprUl 

September  15 

to 

to 

May  10 

January  1 

Artichokes 

3  to  6  bushels 

November  1 

November  1 

to 

to 

February  20 

March  1 

Burr  clover 

20  pouudis  clean 

September  1 

December  I 

to 

to 

40  pounds  burr 

October  1 

March  1 

Red  clover 

15  pounds 

September  10 

April  1 

to 

to 

October  15 

June  15                

Japan  clover 

25  pounds 

April  1 

Junel 

to 

to 

May  15 

September  15 

White  clover 

5  to  8  pounds 

September  1 

December  15 

to 

to 

October  1 

June  1            _     . 

Rape 

6  pounds 

August  15 

Eight  to  ten  »'«k» 

to 

from  seeding 

Mayl 
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TALUE  OF  CORN. 

Corn,  while  one  of  the  principal  crops  grown  in  the  State,  is 
often  used  to  excess  and  to  the  detriment  of  the  farmer  and  ihe  hog 
industry.  At  the  present  price  of  corn,  it  rhakes  an  expensive 
ration,  and  considering  that  other  feeds  less  costly  will  prove  more 

<  ificient  in  pork  production,  it  immediately  resolves  itself  into  a 
l)nsiness  proposition  which  no  farmer  can  afford  to  ignore.  It  will 
Ik?  remembered,  however,  that  corn  alone  is  not  well  suited  for  hogs 
during  the  growing  period.  On  the  other  hand,  a  ration  composed 
largely  of  corn  is  very  desirable  after  the  hogs  are  ready  for  the  fat- 
toning  pen.      With  this  one  exception,  an  economical  feeder  will 

<  liminate  it  to  a  large  extent  from  the  ration. 

Corn  is  preeminently  a  fattening  feed,  and  it  should  be  given  in 
large  quantities  only  when  the  hog  has  arrived  at  the  proper  stage 
tor  making  economical  use  of  it.  Its  heating  and  fattening  proper- 
ties make  it  an  unbalanced  ration  for  the  growing  animal,  and  careful 
feeders  use  it  with  great  precaution.  It  is  probably  one  of  the  most 
abused  farm  feeds,  simply  because  it  is  widely  grown  and  apparently 
relished  by  all  animals.  Its  extensive  use  accounts  in  a  large 
measure  for  the  small-boned,  poorly-fleshed  animals  used  for  breeding 
purposes,  a  condition  which  materially  decreases  the  profits  to  the 
swine  grower.  Other  feeds  which  are  cheaper  and  more  efficient 
should  be  substituted  in  part  for  com.  This  can  be  done  by  fur- 
nishing a  succession  of  forage  crops,  and  exchanging  corn  for  feeds 
which  contain  a  relatively  large  amount  of  ash  and  protein.  At 
the  present  market  price  of  corn,  there  is  greater  need  for  buying 
nitrogenous  concentrates  than  when  the  price  is  exceptionally  low. 
This  fact  always  holds  unless  the  price  of  commercial  concentrates 
becomes  prohibitive,  in  which  case  it  may  become  more  economical 
t«>  feed  corn  alone.  It  is  hardly  possible,  however,  that  such  condi- 
tions will  arise,  as  corn  in  the  South  rarely  sells  below  eighty  or 
ninety  cents  per  bushel.  Under  such  conditions  it  is  generally  wise 
to  sell  corn  and  buy  concentrates  for  balancing  the  ration  if  tluy 
are  not  produced  on  the  farm.  It  is  impossible  to  grow  hogs  and 
tlevelop  thrm  properly  on  corn  alone,  as  the  nutrients  are  not  com- 
bined in  the  right  proportion  to  make  the  proper  growth  of  bone 
and  muscle  in  the  growing  animal. 

DAIBY  BY-PRODUCTS. 

When  conditions  permit,  dairy  by-products  such  as  skim-milk, 
buttermilk  and  whey  should  be  fed  to  swine,  as  they  are  very  bene- 
ficial in  balancing  a  starchy  corn  ration.  If  used  for  feeding  pur- 
poses, they  will  probably  give  better  results  with  swine  than  with 
other  classes  of  animals,  except  possibly  with  poultry.  It  may  be 
possible  that  a  man  is  so  situated  that  he  can  use  these  by-products 
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more  profitably  by  manufacturing  them  into  other  salable  produci-. 
such  as  skim-milk  buttermilk  and  cottage  cheese.  It  is  largelv  a 
question  of  circumstances,  how  best  to  utilize  these  products.  It 
there  is  greater  profit  in  manufacturing  them  into  human  food,  tht  ii 
the  farmer  is  manifestly  justified  in  doing  so.  There  is,  however, 
in  warm  sweet  milk  just  the  kind  of  nourishment  which  makes  tlu 
strong,  thrifty  and  large-boned  pigs  which  are  so  useful  for  breediiiL^ 
purposes,  and  it  is  extremely  doubtful  whether  these  by-produos 
could  be  used  more  profitably,  if  breeders'  prices  are  obtained  f'»r 
the  hogs. 

Dairy  by-products  not  only  play  an  important  part  in  furnishiii;: 
food  material,  but  they  stimulate  more  profitable  consumption  ft 
other  feeds  in  the  ration.     Skim-milk,  for  example,  contains  aln^u* 
ten  percent  of  digestible  dry  matter,  while  corn  contains  nearly 
ninety  percent  of  digestible  dry  matter,  yet  in  rating  the  value  ^'f 
skim-milk,  six  pounds  is  ordinarily  credited  as  having  the  same  feed- 
ing value  as  one  pound  of  corn.     This  is  an  important  point,  as  it 
is  thus  seen  that  the  feeding  value  of  skim-milk  is  not  rated  entirely 
on  the  dry  matter  which  it  contains.     Silage  for  dairy  cattle,  whi]< 
considered  indispensable  in  the  ration  for  best  results,  has  a  valin 
besides  the  actual  dry  matter  content.     Its  use  as  an  appetizer  and 
in  the  promotion  of  the  digestion  of  other  feeds  is  very  important. 
If  a  succulent  feed  is  available,  it  should  constitute  part  of  the 
ration.     In  the  case  of  skim-milk  for  hogs,  from  five  to  six  pouml- 
of  milk  should  be  substituted  for  each  pound  of  grain  normally  use«l 
in  the  ration  up  to  the  capacity  of  the  animal  for  using  a  watery 
feed  of  this  nature.     The  digestive  capacity  of  the  animal  is  com- 
paratively limited,  consequently  the  entire  ration  could  not  con?i-T 
of  a  feed  containing  such  a  large  quantity  of  water.     For  yt>uii<r 
pigs,  the  ration  may  consist  largely  of  milk,  until  greater  quantitit- 
of  feed  are  required  to  keep  the  body  growing.     At  this  time  a  con- 
centrated feed  should  be  substituted  in  part  for  the  milk  in  the  ration. 
Buttermilk  and  whey  are  not  as  valuable  as  warm  sweet  milk, 
yet  they  can  bo  used  advantageously.     Buttermilk  while  containing 
as  much  dry  matter  as  skim-milk  can  not  be  fed  in  a  form  relished 
by  the  pigs  as  can  skira-milk  fresh  from  the  separator.     Whey  con- 
tains only  six  per  cent  of  dry  matter,  and  it  may  be  used  to  a  limited 
extent. 

Dairy  by-products  as  a  whole  should  be  carefully  saved,  as  thnr  ef- 
fect on  the  (fliciency  of  the  ration  is  very  important.  The  value  oi 
skim-niilk  esjx^cially  is  widely  known  and  whenever  it  can  be  proeure<l 
in  a  sweet,  wholesome  form  at  a  reasonable  price,  it  may  be  used  to  a 
decided  advantage  in  replacing  high-pricid  corn.  The  bone  of  a 
hog  which  has  been  fed  skim-milk  is  large  and  strong,  consequently 
pigs  which  have  Ik  en  fed  on  skim-milk  make  most  desirable  breeding 
animals.  Digitized  by  VjUU^ it: 
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KITCHEN   WASTES. 

It  is  a  common  practice  with  farmers  who  live  near  the  cities 
to  use  the  kitchen  waste  from  the  hotels  and  boarding  houses.  These 
feeds  may  be  used  in  moderate  quantities,  provided  they  are  fresh, 
are  hauled  in  clean  barrels,  and  contain  none  of  the  washing  pow- 
ders which  are  used  in  the  dish  water.  There  is  without  doubt  a 
large  number  of  hogs  killed  each  year  from  the  effects  of  the  greasy 
slime  and  washing  powders  which  gain  access  to  the  receptables  for 
these  hotel  wastes.  When  fed  in  a  pure  form  and  combined  in 
moderate  quantities  with  other  feeds,  these  wastes  contain  a  very 
large  amount  of  nourishment.  The  scraps  of  bread  and  meat  espe- 
oially  will  produce  growth  in  an  astonishing  manner.  This  is  not 
surprising,  however,  since  the  character  of  these  foods  furnish  the 
required  nutrients  for  an  efficient  ration.  They  furnish  a  valuable 
and  usually  a  cheap  feed  when  fed  in  moderation,  bTit  only  the  pure 
scraps  as  they  come  from  the  table  should  be  used. 

AGE  TO  FATTEN  FOR  MARKET. 

The  marketing  of  hogs  is  really  a  fundamental  business  proposi- 
tion which  every  farmer  must  solve  for  himself.  As  a  general 
thing  entirely  too  many  hog-raisers  do  not  give  this  subject  proper 
thought  and  care.  A  successful  hog-grower  must  necessarily  know 
how  to  buy,  feed  and  market  his  stock.  Lack  of  good  judgment  in 
any  of  the  three  operations  may  mean  failure  in  the  business. 

The  fattening  hogs  should  be  started  uniformly  on  their  rations 
and  kept  growing  steadily  until  the  proper  weight  has  been  attained, 
which  should  range  from  two  hundred  to  two  hundred  and  fifty 
pounds  or  even  lighter  if  prime  bacon  is  the  object  of  production. 
The  former  weight  should  be  attained  in  six  to  nine  months  with 
well-bred  hogs  properly  managed.  For  the  first  six  months,  the 
shotes  should  average  one  pound  of  gain  per  day.  This  should  be 
the  standard  set  by  the  progressive  feeder,  and  if  it  is  desired  to 
hold  the  hogs  for  more  weight,  eight  or  nine  months  should  be  suffi- 
cient to  bring  them  up  to  the  two  hundred  and  fifty  pound  mark. 
The  old  systc^m  of  feeding  for  eighteen  months  or  even  two  years  has 
been  discontinued  long  since  by  the  most  successful  feeders.  The 
cost  of  production,  the  change  in  market  demands  and  the  hazard 
connected  with  the  system  have  materially  altered  the  conditions. 

The  aim  of  the  feeder  should  be  to  market  the  fat  hogs  after  they 
have  made  their  most  profitable  gains,  which  will  be  at  six  to  nine 
months  from  birth.  While  it  may  not  be  possible  in  some  instances 
to  have  the  hogs  up  to  standard  weight  at  this  age,  however  in  the 
majority  of  cases  experienced  feeders  can  do  so  and  even  better 
under  proper  conditions. 
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The  primary  law  of  iiutrition  can  not  be  varied  except  under 
markedly  altered  conditions,  consequently,  uniform  gains  and  early 
maturity  govern  economic  production  and  marketing  of  hogs.  A 
few  years  ago  it  was  not  an  uncommon  thing  for  farmers  to  marbr 
their  hogs  at  eighteen  months  to  two  years  of  age,  at  which  time  they 
weighed  from  four  to  six  hundred  pounds.  At  that  time,  however, 
the  packers  could  use  a  hog  of  this  type  much  better  than  at  the 
present  time.  The  market  is  calling  for  a  smaller,  leaner  type  of 
hog  suitable  for  use  without  excessive  trimming.  This  change  in 
market  demands  has  been  a  boon  to  farmers  in  several  ways,  as  the 
large  five  hundred  pound  hog  is  made  at  a  much  greater  cost  per 
pound  of  gain  than  the  two  hundred  pound  hog.  This  is  a  fact 
which  is  fundamental  in  all  live  stock  feeding  and  a  principle 
with  which  every  farmer  should  be  familiar.  As  the  animal  in- 
creases in  weight,  the  daily  work  of  the  body  increases  and  there- 
fore more  feed  is  required  to  keep  the  body  in  repair.  It  is  only 
after  this  function  has  been  performed  that  gains  will  be  made,  and 
its  the  capacity  of  the  hog  is  comparatively  limited  enough  feed 
can  not  be  consumed  by  the  larger  animal  to  repair  the  waste  of  the 
body  and  make  the  rapid  gains  that  were  made  during  the  earlier 
growing  period. 

Again  large  hogs  may  become  crippled  or  diseased  and  thus  be  a 
very  significant  loss  to  the  owner.  This  is  quite  important  in  tht 
mind  of  the  writer.  In  several  cases  that  have  come  under  obsena- 
tion,  disease  has  gotten  into  the  herd  and  destroyed  a  large  percentage 
of  the  animals  when  if  they  had  been  marketed  a  few  weeks  pre- 
vious when  the  lierd  was  in  a  he  althy  condition,  this  loss  could  have 
been  avoided.  It  is  true  that  these  troubles  can  not  always  be  fore- 
casted, yet  in  the  majority  of  cases,  it  pays  to  market  medium-sized 
hogs  rather  than  to  feed  longer  for  excessive  weight  and  be  caught 
by  the  ravages  of  disease.  Good  judgment  will  direct  when  to  fatter: 
hogs  for  the  market.  The  aim  should  be  to  have  the  hogs  ready  at  a 
season  when  high  prices  generally  prevail.  Small  hogs  sell  bett(r 
always  during  the  summer  season,  and  if  the  crop  intended  for  thi^* 
purpose  can  not  be  disposed  of  satisfactorily,  they  should  be  carried 
over  and  fattened  for  the  early  fall  market.  As  soon  as  the  packing 
season  opens,  the  demand  increases  quite  rapidly  and  thus  provides 
for  ready  sale  of  hogs  which  are  in  market  condition.  From  then  on 
until  well  along  in  the  spring  months  the  demand  for  the  larger 
type  of  hog  will  be  greatly  increased. 

£ARLY  MATURITY. 

In  selecting  a  hog  for  feeding  purposes,  an  early  maturing  animal 
should  always  be  given  first  consideration  provided  the  other  quali- 
ties are  up  to  standard.     It  has  been  fully  demonstrated  by  experi- 
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mentation  and  by  practical  feeders  that  the  market  hog  which  reachcv^ 
maturity  in  six  or  eight  months  is  the  most  profitable  animal.  The 
<»:ains  which  are  made  during  the  earlier  growing  period  are  always 
made  at  a  li?ss  cost  than  those  made  during  the  fattening  period. 
A  hog  which  dots  not  mature  to  a  marketable  finish  until  twelve  or 
fifteen  months  old  is  usually  unprofitable.  As  a  general  thing,  an 
excessive  amount  of  feed  is  consumed  during  this  long  growing 
period  and  the  risk  necessarily  is  much  greater.  This  system  of 
])rolonged  feeding  prevails  on  many  farms  in  this  State,  and  too 
much  stress  can  not  be  placed  on  the  economic  necessity  of  elimi- 
nating these  undesirable  types  of  swine  and  substituting  the  early 
maturing  hog,  which  would  eventually  revolutionize  the  hog  indus- 
try. A  hog  properly  bred  and  fed  should  weigh  at  least  one  hundred 
and  eighty  pounds  at  six  months  of  age,  yet  the  writer  has  seen  many 
animals  on  North  Carolina  farms  which  would  not  attain  this  weight 
when  twelve  or  fifteen  months  old.  Such  a  condition  should  not 
obtain.  Generally  late  maturing  animals  come  from  inferior  breed- 
ing stock,  lacking  in  prime  quality,  or  else  from  improper  care  and 
management. 

OBJECTS  AND  METHODS  OF  FEEDING. 

It  is  a  fact  that  many  feeders  do  not  differentiate  in  their  system 
nf  feeding,  growing  anel  fattening  hogs,  yet  it  should  by  all  means 
he  done.  AVhile  the  animal  is  growing,  or  developing  bone  arid 
muscle,  these  fends  i^hould  be  used  which  are  conducive  to  the  growth 
nf  these  parts.  In  many  cases  a  highly  carbonaceous  feed  is  used 
which  holds  the  normal  growth  in  check  and  thereby  severely  reduces 
the  value  of  the  animal  either  as  a  fender  or  breeder.  Fat  is  not 
needed  at  this  e  arly  stage  in  life^,  in  fact  it  is  a  positive  detriment  to 
the  animal  except  in  comparatively  small  amounts.  During  the 
growing  stage,  nature  demands  foe  ds  which  contain  ash  and  protein, 
the  bone  and  muscle  developers,  whih^  carbonaceous  feeds  are  needed 
during  the  fattening  stage.  A  feed  which  doe s  not  contain  what  the 
body  demands  at  the  various  stages  of  growth  will  decrease  the  final 
weight  of  the  animal  to  the  extei.t  to  which  that  feed  is  used.  Corn 
is  one  of  the  best  examples  of  a  feed,  which  does  not  furnish  the 
growing  materials  in  the  best  proportion  for  swine.  It  is  exceed- 
ingly low  in  ash  and  protein  and  very  high  in  carbohydrates  and 
fat,  thus  it  is  evident  that  it  is  entirely  out  of  balance  for  the  needs 
nf  the  growing  he)g.  It  is  not  possible  to  get  a  large,  houy  frame- 
work, heavily  covered  with  muscle,  fi-om  a  corn  ration,  unless  some 
feed  is  added  to  the  corn  to  balance  the  ration  or  an  entirely  different 
feed  is  used  which  is  better  proportioned. 

The  fattening  hc^  and  those  intended  for  breeding  purposes 
should  be  separated  early  in  life  to  induce  the  bree^ding  animals  te> 
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keep  on  growing  to  the  very  last.  This  should  not  be  neglected,  as 
a  great  many  times  ill  results  are  obtained  at  farrowing  time  simply 
because  a  rational  system  of  feeding  has  not  been  adhered  to  during 
the  growing  period. 

The  question  concerning  the  feeding  of  swine  for  the  show  ring 
is  frequently  asked,  and  it  may  be  stated  in  general  that  it  is  nvt 
a  wise  practice  for  the  Southern  farmer  to  go  into  the  business  of 
show-yard  feeding.  While  it  is  admitted  that  sho^dng  live  stock  at 
the  Fairs  is  an  ideal  way  to  advertise  breeding  stock,  yet  not  many 
farmers  are  in  a  position  to  make  a  specialty  of  fitting  them  for  the 
show  ring.  For  the  general  farmer,  it  should  be  the  aim  to  satisfy 
the  demands  for  market  hogs,  rather  than  to  go  into  the  fancy  breed- 
ing business.  The  importation  of  pork,  lard  and  other  hog  products 
should  not  continue,  as  there  is  no  section  of  the  country  better 
located  than  North  Carolina  for  the  production  of  pork.  It  is  nect'S- 
sary  to  pay  closer  attention  to  the  development  of  the  market  hoe: 
also  to  the  fact  that  it  is  a  bad  practice  to  fatten  breeding  animals 
for  the  show  ring.  Successful  breeders  will  admit  that  hogs  which 
have  been  excessively  fattened  do  not  make  the  best  breeders ;  in  fact 
in  some  cases  they  are  made  prematurely  useless.  A  breeding  ani- 
mal, to  do  its  l)c  st  work,  should  be  kept  in  a  medium  condition  the 
year  around. 

COST  OF  PBODUCING  PORK. 

The  cost  of  producing  pork  under  Southern  conditions  is  in  a 
great  many  case  s  materially  increased  by  improper  methods  of  man- 
agement. In  the  first  place,  not  enough  range  is  allowed  to  mature 
strong-boned,  thrifty  pigs;  little  or  no  forage  is  provided,  and  to 
make  up  for  this  marked  deficiency  more  of  the  high-priced  market- 
able feeds  must  be  used.  This  is  a  wasteful  practice  and  one  which 
must  be  discontinued  before  the  maximum  profits  from  hog-raisinjr 
can  be  realized.    * 

Und(  r  farm  conditioi^s,  pork  should  be  produced  for  three  and 
one-half  to  four  cents  per  pound  gross.  This  has  been  amply  demon- 
strated by  the  cxpc  rimental  work  carried  on  at  the  Alabama  Station. 
Their  cheapest  pains  were  made  with  corn  and  soy  Ixan  pasture  at 
a  cost  of  $1.96  per  hundred  pounds.  With  corn  and  peanut  pasture 
the  gains  were  made  for  $2.28  per  hundred  pounds.  The  one  strik- 
ing thing  which  was  brought  out  was  that  the  cheaper  gains  were 
made  by  the  hogs  on  ])asture  and  especially  those  on  leguminous  crops. 
This  fact  is  of  great  importance,  since  the  leguminous  crops  are  soil 
improvers,  and  in  addition  they  furnished  the  cheaper  gains. 

Another  striking  fact  brought  out  was  that  every  supplement  used 
with  corn  cheapened  the  gains.     This  was  true  both  with  eomm^r- 
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c-ial  feeds  and  farm-grown  feeds,  except  when  the  cost  of  growing 
the  crops  was  taken  into  consideration  when  sorghum  and  chu:£a 
pasture  were  of  no  advantage.  Other  combinations  tried  demon- 
strated that  it  was  within  the  power  of  the  Southern  farmer  to  grow 
thrc  e  and  four  cent  pork. 

The  incompleted  work  at  this  Station  also  indicates  that  pork  can 
Ik*  produced  at  a  cost  of  three  and  one-half  to  four  cents  per  pound. 
To  do  this,  however,  extensive  use  must  be  made  of  the  grazing  crops. 
Other  Stations  have  amply  demonstrated  the  feasibility  of  producing 
chrap  pork,  and  it  is  within  the  range  of  every  farmer  to  do  so  by 
providing  suitable  grazing  crops.  Corn  should  be  used  sparingly 
until  the  finishing  period,  when,  if  desirable,  the  ration  can  be  com- 
posed largely  of  this  feed.  Up  to  the  fattening  period,  the  hog 
should  bo  made  to  harvest  a  considerable  portion  of  his  ration 
directly  from  the  field.  Green  feeds  can  not  be  used  altogether,  yet 
with  the  addition  of  a  small  amount  of  dry  feed,  a  vigorous  growth 
>hould  be  obtained.  It  would  be  a  conservative  estimate  to  say  that 
at  least  one-half  the  ration  can  be  gleaned  direcitly  from  the  field, 
ard  in  the  case  of  some  crops,  such  as  mature  peas,  beans  or  peanuts, 
(•veil  more  of  the  daily  ration  can  be  so  obtained.  During  the  early 
spring  and  ?ummrr  the  crops  will  naturally  be  more  watery  and 
nec^d  necessarily  to  be  supplemented  with  greater  quantities  of  drv 
feeds  than  otherwise. 

'  The  eost  of  producing  pork  will  be  governed  largely  by  the  indi- 
vidual farmer.  If  ample  provision  is  made  for  grazing  crops,  and 
the  other  feeds  are  largely  home  grown,  the  cost  of  producing  pork 
can  be  reduced  to  a  ven*  low  figure  under  practical  conditions. 

HEALTH  AND  SANITATION. 

In  the  management  of  live  stock,  swine  especially,  it  is  far  better 
to  maintain  the  health  of  the  animal  than  to  use  nostrums  and 
various  other  so-called  curative  measures.  The  hog  does  not  respond 
well  to  treatment,  and  it  is  for  this  reason  that  special  care  should  be 
taken  in  preserving  the  health.  When  a  hog  once  becomes  sick  with 
a  disease  at  all  dangerous,  the  chances  for  recovery  are  usually  small. 
Hog  cholera  is  one  of  the  most  fatal  diseases  which  commonly  affects 
swine,  and  every  precaution  should  be  taken  to  prevent  its  occur- 
rence in  the  herd.  Remedies  for  this  disease  should  be  avoided  with 
the  one  exception  of  the  serum  which  is  being  manufactured  by  the 
F.  S.  Department  of  Agriculture,  and  the  various  Experiment  Sta- 
tions. This,  however,  is  not  a  cure  for  hog  cholera,  but  rather  a 
preventative  which,  if  used  in  the  incipient  stages  of  the  disease,  will 
in  most  cases  save  a  large  percentage  of  the  herd. 

A  system  of  management  whereby  the  hog  lots,  pastm-es  and  houses 
can  be  kept  in  a  perfectly  sanitary  condition  is  one  of  the  vital  things 
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for  the  swine  husbandman  to  consider.  A  great  many  diseases  cuu. 
men  to  swine  are  brought  about  through  improper  sanitation.  Di^- 
ease  germs  breed  in  filth.  Sunshine  and  pure  air  are  their  enemies. 
Therefore  the  first  essential  is  to  provide  for  the  hogs  so  that  they 
will  naturally  keep  clean.  This  necessitates  wide  range,  as  huir- 
kept  in  close  confinement  will  soon  get  their  enclosures  in  an  unsani- 
tary condition. 

Provide  an  abundance  of  pasture,  preferably  divided  into  several 
lots,  such  that  the  hogs  can  be  kept  in  small  droves  of  fifteen  or 
twenty.     Do  not  allow  water  to  collect,  as  a  wallowing  place  will 


Fig.  10.— Conditions  Right  For  Farrowing. 

result  and  serve  as  a  breeding  place  for  disease  germs.  Plenty  oi 
fresh,  pure  water  should  be  provided  for  this  purpose  if  shade  l^ 
not  available.  This  is  especially  necessary  during  warm  weather, 
yet  if  sufficient  shade  is  provided  in  the  pasture  even  the  water  ma} 
be  dispensed  with  except  for  drinking  purposes.  Dust  wallows,  likt- 
water  wallows,  are  undesirable,  as  they  are  naturally  unhealthy, 
causing  excessive  coughing,  irritation  of  the  lungs,  and  possibly  dis- 
ease, as  they  become  polluted  by  the  excretions  from  the  hogs. 

Fresh  air-slaked  lime  scattered  freely  about  the  premises  is  a 
good  disinfecting  agent.  Once  or  twice  each  year  it  is  an  excellent 
plan  to  go  over  the  lots  and  pens  scattering  fresh  pulverized  lime  on 
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the  ground,  feeding  floors  and  in  the  houses.  The  inside  of  the 
farrowing  pens  can  be  made  fresh  and  clean  by  applying  a  coat  of 
whitewash  on  the  walls  and  ceilings.  This  is  an  inexpensive  method 
(if  disinfecting  and  yet  a  very  effective  one. 

When  disease  breaks  out  in  the  herd,  the  healthy  hogs  should  be 
n  moved  to  clean  quarters,  as  it  is  possible  to  prevent  considerable 
loss  by  so  doing.  All  dead  animals  should  be  carefully  burned  or 
buried,  as  it  is  not  always  possible  to  deterinine  what  may  have 
caused  their  death,  consequently  every  precaution  should  be  taken. 

A  mixture  of  the  following  materials  will  be  relished  by  the  hogs, 
act  as  a  preventative  of  intestinal  worms,  and  create  a  keen  appetite; 
wood  ashes,  60  pounds;  charcoal,  60  pounds;  air-slaked  lime,  20 
pounds;  sulphur,  15  pounds;  salt,  2  pounds;  turpentine,  2  quarts; 
<M»pperas,  10  pounds. 

Keep  this  mixture  constantly  before  the  hogs,  preferably  in  a 
^t  If- feeder  under  cover. 

If  a  contagious  diseasp  gets  into  the  herd,  make  every  effort  to 
stamp  it  out.  Do  not  allow  visitors  to  frequent  the  farm,  because 
t»f  the  danger  of  spreading  the  contagion  to  other  parts  of  the  prem- 
ises and  possibly  to  a  neighboring  farm.  When  a  new  lot  of  hogs  is 
purchased,  they  should  be  quarantined  for  three  weeks  or  more. 
They  should  never  hv  placed  with  the  herd  immediately,  as  some 
<lisc'ase  may  be  on  the  verge  of  breaking  out  in  the  newly  purchased 
animals.  By  observing  these  precautions,  it  may  effect  a  great  sav- 
ing in  the  herd. 

DEPKAYED  APPETITES- 

The  depraved  appetite  is  an  indication  that  the  ration  is  lacking  in 
>ome  important  food  nutrient.  This  is  generally  ash  or  protein,  or 
both.  Corn  is  oncof  the  most  common  examples  of  an  ill-balanc(  d 
ration  and  hogs  fed  on  it  exclusively,  especially  growing  hogs  and 
breeding  females,  exhibit  marked  tendencies  toward  disturbed  nutri- 
tion. Corn  is  highly  carbonaceous,  and  the  growing  hog  needs  con- 
siderable ash  and  protein.  The  common  indications  of  an  improp- 
<  rly  balanced  ration  are  the  eating  of  sand,  clay,  rocks,  gravel,  root- 
ing for  worms  and  roots.  The  growing  hog  quite  commonly  exhibits 
these  symj)lenis  and  often  the  brood  sow  when  fed  on  a  sole  corn 
ration  Womes  feverish  and  greedily  devours  her  pigs  in  an  effort  to 
-atisfy  the  peculiar  hunger  for  the  lacking  nutrients.  Correctives 
for  this  condition  can  not  be  used  with  the  expectation  of  securing 
immediate  results.  If  rational  feeding  is  followed  this  abnormal 
•••>ndition  will  not  appear.  Should  it  arise,  it  means  a  setback  which 
probably  can  not  b<»  entirely  overcome  during  the  life  of  the  pig. 
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CONTAGIOUS  DISEASES. 

IIop^  cholera  and  swine  plague  are  the  two  contagious  disease- 
which  every  swine  breeder  must  guard  against,  and  to  this  end  pre- 
vention should  be  depended  upon  rather  than  cure.  Every  possible' 
means  should  be  used  to  prevent  an  outbreak  by  keeping  the  prtiii- 
ises  clean  and  sanitary  and  in  preventing  the  transportation  of  tht- 
disease  from  neighboring  farms.  There  should  be  no  refuse  matter 
left  in  the  feed  troughs  that  will  attract  scavengers. 

The  writer  has  in  mind  several  cases  where  the  feeding  ground- 
were  exposed  to  the  visitation  of  buzzards  and  for  several  years  iu 
succession  practically  the  entire  herd  of  swine  on  this  farm  wa? 
destroyed  b\'  cholera.  The  origin  of  the  outbreak  each  time  was  in 
all  probability  on  a  near  by  farm  where  cholera  was  quite  prevalent. 
Without  doubt  the  disease  was  carried  from  this  farm  each  year  t< 
the  neighboring  farms  where  cholera  occurred  regularly.  Cleanli- 
ness is  one  of  the  first  safeguards  in  avoiding  these  attacks,  althouirL 
it  is  not  an  absolute  preventative.  The  price  of  one  hog  spent  for 
disinfectants,  and  the  time  consumed  in  cleaning  up  and  thoroughh 
applying  the  disinfectant  may  be  the  means  of  saving  the  entire  hf T«i 

It  is  a  good  pl^n  to  change  the  hog  pastures  and  lots  occasionally. 
This  is  one  great  advantage  of  growing  annual  crops,  as  this  prac- 
tice will  have  a  material  influence  in  renovating  disease  infested  s*»il. 
In  the  South,  in  fact,  it  is  generally  necessary  to  rotate  the  crops  :•• 
maintain  the  hog  pastures  continuously,  and  from  the  standpoint  oi 
sanitation  this  is  a  fortunate  condition.  This  is  the  practice  f"i- 
lowcjd  on  the  Station  farm,  and  the  results  have  been  very  enotnir 
aging  considering  the  continued  healthy  condition  of  the  herd.  AVhilf 
cleanliness  may  not  have  been  the  sole  reason  for  this,  yet  choh  ra 
was  quite  prevalent  on  near  by  farms  for  several  successive  years, 

HOG  LOUSE  AND  DIPPING  TANK. 

Every  farmer  who  raises  live  stock,  and  especially  hogs,  should  |»nv 
vide  himself  with  a  dipping  tank.  The  cost  of  a  tank  for  dippii :: 
hogs  is  comparatively  small  and  the  satisfaction  of  keeping  the  st^nk 
in  a  clean,  healthy  condition  is  worth  the  original  cost  of  the  equip- 
ment. On  hogs,  lice  are  the  only  common  external  parasites,  bin 
fortunately  they  can  be  destroyed  with  comparative  ease  proridnl 
proper  precautions  are  taken  to  keep-all  lots  and  buildings  well  disin- 
fected. This  can  be  done  by  the  use  of  a  spray  pump  and  a  five  per 
cent  solution  of  some  of  the  proprietary  dips  to  which  has  be(*n  addt^i 
two  per  cent  of  crude  petroleum,  which  will  make  the  dip  more 
effective.  Or,  some  effective  home-made  disinfectant  may  be  used, 
such  as  whitewash.  It  is  absolutely  essential  that  the  lots  and  pen- 
be  kept  clean,  for  if  this  is  not  done  the  herd  will  soon  become 
re-infected  even  though  the  animals  are  dipped  carefully. 
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The  formula  for  making  kerosene  emulsion,  which  is  an  eflScient 
home-nLade  dip,  is  as  follows: 

Kerosene  two  gallons. 

Water  four  gallons. 

Hard  soap  one  pound. 

The  soap  should  first  be  shaved  fine  and  dissolved  in  hot  water, 
after  which  the  kerosene  is  added  to  the  mixture  and  the  whole  thor- 
oughly agitated  for  ten  to  fifteen  minutes.  This  emulsion  is  then 
made  ready  for  use  by  mixing  one  part  of  the  emulsion  with  eight 
parts  of  water.  During  the  time  the  emulsion  is  in  actual  use,  it 
should  be  kept  thoroughly  mixed,  as  the  kerosene  may  separate  and 
the  effectiveness  of  the  dip  be  destroyed.  A  small  amount  of  lard 
or  eotton-seed  oil  added  to  the  emulsion  will  be  very  helpful  in  over- 
coming any  irritating  tendency  the  kerosene  might  have  should  it  by 
^  mistake  be  applied  in  a  concentrated  form. 


FiQ.  11.— The  Swine  Dipping  Tank,  a  Neoeaslty  for  Destroying  Lice. 

Before  spraying  the  lots  and  pens,  the  old  bedding  and  refuse  mat- 
ter should  be  removed  and  burned,  in  order  that  the  spray  may  pene- 
trate and  do  its  work  effectively.  Cracks  and  crevices  are  the  com- 
mon harboring  places  for  lice.  The  disinfectant  should  therefore 
penetrate  thoroughly.  If  only  a  few  of  these  parasites  are  left  they 
will  reproduce  rapidly  and  the  result  will  be  that  the  animals  are 
soon  re-infected. 

In  the  actual  construction  of  a  dipping  tank,  the  aim  should  be  to 
provide  for  efficient  work  and  still  not  have  the  tankiizscfcvlUp^i^itc) 
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require  an  excessive  amount  of  dip.  If  it  is  properly  constructed, 
the  economizing  of  dip  will  prove  to  be  quite  an  item  during  th* 
s(  aaon. 

The  ordinary  galvanized  iron  dipping  tank  is  the  one  in  most  cuiu- 
mon  use,  but  it  is  not  as  lasting  as  a  tank  built  of  brick  and  then 
cemented,  or  the  solid  concrete  vat  built  in  a  mould  or  form.  Thi^ 
latter  tank  will  cost  somewhat  more,  but  will  last  for  a  lifetime,  and 
there  is  no  danger  of  bulging  or  leaking  if  the  masonry  work  ha> 
l)ecn  properly  done.  A  tank  ten  feet  long  on  top,  four  feet  long  on 
the  bottom,  twenty  inches  wide  at  the  top  and  eight  inches  vidt* 
on  the  bottom,  and  four  and  one-half  feet  deep  will  answer  evtn 
purpose.  The  tank  should  be  set  four  to  eight  inches  above  the 
ground  to  keep  out  surface  drainage  ai:d  filth,  the  admission  of  whirh 
would  weaken  the  disinfectant,  and  make  it  very  di>agr<: cable  when- 
it  is  necessary  to  dip  slu  ( p  in  the  same  tank.  All  necessary  equip- 
ment for  dipping  should  be  located  convenient  to  the  yards  or  ptiir 
where  the  majority  of  the  stock  is  kept.  This  will  admit  of  more- 
frequent  dipping  and^  at  much  less  trouble  and  expense.  A  floai 
should  be  ])rovide  d  at  the  inlet  end  of  the  tank,  which  serves  as  a 
trap,  leading  the  animal  to  the  extreme  edge  of  the  dip,  when  sud- 
denly the  weight  causes  the  float  to  sink,  which  thus  plungers  the 
animal  directly  into  the  disinfe^cting  solution. 

Many  other  disinfce^tants  are  placed  on  the  market  which  are  com- 
paratively inexpensive  and  effective  if  used  properly.  GeneTally  a 
two  to  three  per  cent  solution  of  these  dips  thoroughly  mixe  d  iu  pun-. 
clean  water  will  be  sufficient  for  destroying  the  external  para^ite-^ 
e'ommonly  found  on  swine.  The  manage  ment.  of  the  herd  should 
be  such  that  the  dipping  will  be  done  on  a  warm  sunshiny  day.  If 
the  w«  ather  is  cold,  it  will  be  well  to  warm  the  eiip  to  110^  or  lU' 
Fabr.,  admitting  the'  he  at  from  the  bottom  of  the  tank.  Howe'vrr.  if 
the  herd  has  be*e  n  pre)perly  managed  they  need  not  be  subjected  t»^ 
the  dipping  process  during  the  colder  months. 

The^  cost  of  the*  dipping  tank  should  not  excee^d  $3.").  inclndiii! 
the  exe'avatiem,  tank  and  labor  for  installing  the  plant.  If,  it  is  iMtt 
possible  to  construct  a  regular  dipping  tank,  a  barrel  hr  tub  obv. 
be  u«ed  very  satisfactorily  for  young  pigs.  Tt  would  be  rather  dift- 
cult,  however,  and  even  dangerous  to  dip  large  hogs  under  such  cif^^- 
ditions.  It  would  Ix^  mue'h  better  in  this  case  to  apply  the  dip  with 
a  brush  or  spray,  l)eing  very  careful  to  reach  the  armpits,  under  ilif 
jowl,  back  of  the»  ears  and  neck,  in  the  flanks  and  between  the  le^r^ 
where  the*  skin  is  thin  and  where  the  lice  are  usually  most  niimeroiK 

The  ravage's  e)f  the  hog  louse  will  greatly  decrease  the  ])rofits  of 
hog  raisii^g  unless  some  means  of  eradication  is  devised.  It  is  jxr 
sistent  in  its  attae-ks  and  if  the  premises  are  not  kept  clean  and 
sanitarv   it  will   become   a   ce)nstant   source  of   trouble.      The  hoc* 
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should  be  dipped  at  least  once  or  twice  after  the  initial  treatment 
to  destroy  the  eggs  or  nits  which  have  hatched  in  the  meantime. 
Large  numbers  of  these  eggs  will  be  found  on  the  body,  and  unless 
the  hogs  are  subsequently  dipped,  the  relief  is  only  temporary. 

After  dipping,  the  whole  herd  should  be  removed  to  a  clean  pasture 
or  lot  where  hogs  have  not  been  allowed  to  graze  for  some  time. 
If  the  lots  are  plowed  and  planted  to  forage  crops  annually,  the 
lice  on  the  farm  can  be  destroyed  much  more  easily.  AJso  hogs 
which  have  been  purchased  from  outside  parties  should  be  thoroughly 
dipped  before  putting  with  other  hogs,  or  otherwise  they  may  infect 
the  whole  herd  again  and  thus  necessitate  much  extra  trouble  and 
expense. 

Young  pigs  should  be  watched  closely  as  they  commonly  become 
infested,  and  their  growth  as  a  result  is  materially  reduced.  The 
vitality  of  young  pigs  is  often  sapped  to  such  an  extent  that  they 
never  completely  recover  from  the  effects  of  this  parasite. 

INTESTIICAL  PABASITES. 

Fig.  12  shows  a  portion  of  intestines  taken  from  a  pig  weighing 


Fio.  12.— Intestinal  Worms  of  the  Hog. 

twenty-five  pounds.  The  worms  had  so  completely  sapped  the  life 
of  the  animal  that  it  was  killed  as  it  was  quite  evident  that  dieath 
would  result  in  a  few  days.  Although  this  is  an  exceptional  case, 
yet  in  many  instances,  herds  are  so  badly  affected  that  aiwtluM  like 
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profitable  gains  are  absolutely  impossible.  The  writer  has  seen 
several  eases  of  this  trouble  on  farms  in  the  State,  and  it  seemed  to 
puzzle  the  owners  that  their  hogs  were  not  making  proper  gains. 
Quite  often  when  pigs  are  unthrifty  an  examination  will  reveal  the 
presence  of  intestinal  worms,  the  hog  louse,  or  both. 

After  an  animal  once  gets  into  the  condition  as  illustrated  abore, 
curative  measures  are  usually  of  little  or  no  value.  The  sooner  such 
animals  are  disposed  of,  the  better  for  the  remainder  of  the  herd, 
and  the  welfare  of  the  owner.  Feed  given  to  a  hog  in  this  condition 
is  largely  wasted.  It  would  be  far  more  profitable  to  use  the  money 
from  the  sales  of  the  feed  in  cleaning  and  disinfecting  the  premises. 
As  a  preventative  for  worms,  one  of  the  common  remedies  is  tur- 
pentine in  the  daily  ration,  or  given  as  a  drench  either  with  raw 
linseed  oil  or  milk.  The  most  practical  method,  however,  is  to  give 
it  in  the  feed. 

In  feeding  cotton-seed  meal  experimentally  at  the  Station  farm, 
it  was  quite  noticeable  that  the  hogs  used  in  the  experiment  werr- 
remarkably  free  from  parasites.  These  hogs  were  fed  regularly  on 
a  mixture  of  turpentine;  wood  ashes,  charcoal,  salt,  sulphur  and 
copperas. 

Intestinal  worms  gain  access  to  the  animal  through  the  feed.  Stag- 
nant pools  of  water  and  low  wet  places  which  are  favorable  for  the 
development  of  the  worms  should  not  be  permitted.  The  ponds 
should  be  drained  and  low  wet  places  filled  in  so  that  standing  water 
will  not  remain  for  any  length  of  time.  Muddy  feeding  yards  and 
filthy  feeding  floors  should  be  avoided.  A  rotation  of  pasture  crops 
is  very  beneficial. 

When  turpentine  is  used,  it  should  be  given  once  per  day  for  three 
or  four  days,  and  should  be  taken  at  the  rate  of  one  teaspoonful  for 
every  hundred  pounds  live  weight.  The  hogs  should  fast  for  ten  to 
twelve  hours  before  giving  the  dose. 

Strong,  thrifty  hogs  are  not  as  subject  to  intestinal  worms  as 
are  animals  improperly  cared  for.  Rational  feeding,  clean  lots,  good 
pastures,  pure  drinking  water,  fresh  air  and  exercise  are  the  best 
preventatives. 

CASTBATIOir. 

The  castration  of  the  hog  is  a  comparatively  simple  operation, 
and  may  be  done  by  the  farmer  himself,  provided  the  hogs  are  not 
severely  ruptured.  In  simple  castration,  the  principal  precautions 
to  observe  are  to  do  the  work  on  a  warm,  sunshiny  day,  disinfect  the 
instruments  and  parts  well,  work  quickly,  make  the  incision  low  so 
as  to  admit  of  free  drainage,  scrape  the  cord  until  it  is  severed  instead 
of  cutting,  and  keep  the  pigs  from  filthy  wallow  places.  As  a  general 
thing,  after  the  pigs  have  gotten  well  under  way,  the  earlier  the  work 
is  performed  the  better,  as  small  pigs  notice  the  operation  less,  and 
the  chances  of  rupture  are  not  so  great.     When  pigs  are  allowed  to 
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remain  entire  until  they  become  excited  by  the  females,  they  do  not 
make  the  best  use  of  their  feed  thereafter.  They  constantly  harass 
the  females  in  the  herd,  and  in  extreme  cases  the  meat  becomes 
tainted  after  service.  This  is  ordinarily  true  with  stags,  but  in  neg- 
lected cases  of  castrating  market  hogs,  the  butchers  sometimes  dis- 
criminate severely  against  them.  The  best  tim^  to  castrate  is  when 
the  pigs  are  four  to  six  weeks  of  age.  The  operation  should  not  be 
performed  just  at  weaning  time,  however.  If  the  operation  is  de- 
layed until  this  time  it  is  better  to  postpone  the  work  until  the  pigs 
are  eating  heartily,  as  the  separation  from  the  mother  and  the  incon- 
venience resulting  from  castration  may  in  some  cases  cause  a  serious 
setback. 

THUMPS. 

The  disease  known  as  thumps  is  caused  by  feeding  excessively 
on  very  fattening  feeds  without  proper  exercise,  which  brings  on 
digestive  disorders.  It  is  a  common  practice  with  many  farmers 
to  keep  the  pigs  confined  in  small  lots  where  sufficient  exercise  can 
not  be  taken  to  insure  a  vigorous  circulation  of  the  blood  which  is 
necessary  to  promote  rapid  elimination  of  the  waste  products  of  the 
body.  A  heavy  ration  of  com  and  close  confinement  frequently  leads 
to  this  trouble.  If  the  pigs  become  too  fat,  they  should  be  turned 
into  a  larger  lot  and  the  amount  of  feed  decreased.  Some  breeders  fol- 
low the  practice  of  scattering  the  dry  feed,  such  as  corn,  in  the  straw 
which  necessitates  the  pigs  rustling  for  the  corn  which  falls  to  the 
bottom  of  the  feeding  floor.  A  much  better  plan,  however,  would  be 
to  provide  a  larger  lot  for  exercise,  and  feed  only  enough  to  keep  the 
pigs  growing  vigorously.  This  will  in  the  majority  of  cases  prevent 
this  trouble  which  might  prove  serious  if  close  confinement  and  high 
feeding  are  practiced. 

Spasm  of  the  diaphram  and  ^a  short,  jerking  respiration,  which 
causes  an  uncertainty  in  the  movements  of  the  pig  are  the  common 
symptoms.  A  high  condition  generally  prevails,  however,  before 
these  symptoms  occur,  and  when  they  are  first  noticed,  the  feed 
should  be  gradually  decreased  and  the  amount  of  exericse  increased. 
This  disease  is  common  among  pigs,  the  conditions  generally  sur- 
rounding them  causing  the  trouble.  If  care  is  exercised  in  making 
the  surroundings  healthy  and  the  pigs  are  kept  growing,  the  trouble 
will  rarely  occur. 

BICKETS. 

Rickets,  a  disease  which  more  commonly  occurs  in  the  com  belt 
is  caused  by  feeding  largely  on  a  ration  containing  an  insufficient 
supply  of  mineral  matter.  Corn  being  one  of  these,  explains  the 
reason  for  the  prevalence  of  this  disease  in  the  corn  growing  states. 
The  bones  of  an  animal  are  composed  largely  of  mineral  matter, 
and  if  it  is  not  supplied  in  the  ration,  the  bones  fail  to  attain  that 
rigidity  which  is  necessary  to  support  the  weight  ©fieihdJ^yl^^i^n 
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young  animals  the  bones  are  somewhat  cartilagenous,  and  if  they 
are  not  reinforced  with  mineral  matter  as  the  weight  of  the  animal 
increases,  trouble  will  arise. 

The  disease  comes  on  rather  early  in  the  life  of  the  pig,  and  to 
remedy  the  trouble  the  ration  should  be  corrected.  This  can  be  done 
by  adding  wheat  middlings,  ground  soja  beans,  tankage,  skim-milk, 
or  any  other  feed  containing  relatively  large  quantities  of  mineral 
matter  and  protein,  provided  they  are  adapted  to  the  use  of  the  pig. 
Grazing  crops  will  prove  very  beneficial  in  overcoming  the  trouble. 
It  should  be  the  aim  always,  however,  to  prevent  the  trouble  rather 
than  effect  a  cure  after  the  disease  is  contracted.  If  pigs  are  properly 
supplied  with  ash  and  protein  from  the  beginning,  and  are  fed 
moderately,  thumps  or  rickets  will  seldom,  if  ever,  give  trouble  to 
the  swine  farmer. 

SCOUBS  AITD  COirSTIPATIOir. 

If  pigs  begin  to  scour  their  condition  should  be  looked  after  closely, 
as  the  trouble  will  cause  a  severe  setback  if  they  are  not  handled 
properly.  In  a  majority  of  cases  the  trouble  originates  in  the  mother 
from  feeding  highly  carbonaceous  feeds,  making  sudden  changes 
in  the  diet,  or  giving  feeds  in  a  badly  fermented  condition. 

In  all  cases  of  scours,  the  cause  should  be  removed,  and  the  mother 
fed  on  appetizing  feeds.  The  feeding  troughs  should  be  kept  clean, 
and  the  pigs  allowed  the  run  of  a  clean,  sunny  pasture.  Lime  water 
given  in  the  feed  of  the  sow  will  in  many  cases  be  of  material  aid 
in  removing  the  trouble.  If  the  houses  and  lots  are  kept  in  a  dean 
sanitary  condition,  and  the  feed  is  looked  after  closely,  and  sufficient 
exercise  given,  there  is  not  likely  to  be  much  trouble  from  scours. 

Constipation  is  generally  brought  on  by  careless  feeding  and  lack 
of  proper  exercise.  The  trouble  is  common  among  brood  sows,  and 
often  gives  rise  to  great  loss  at  farrowing  time  from  trouble  in 
giving  birth  to  the  pigs,  which  may  result  in  a  large  number  of  them 
coming  dead. 

Laxative  feeds  should  be  given  to  overcome  the  trouble.  Linseed 
meal  is  excellent  for  brood  sows,  but  it  should  be  used  with  judg- 
ment as  overfeeding  may  cause  a  derangement  in  the  opposite  direc- 
tion. If  pastures  and  root  crops  are  provided  in  abundance,  and 
plenty  of  exercise  given,  it  is  not  likely  that  serious  trouble  will  be 
experienced.  In  cases  of  excessive  constipation,  epsom  salts  in  three 
to  four  ounce  doses  given  in  the  feed  will  usually  overcome  the 
trouble  to  such  an  extent  that  the  case  may  be  handled  successfully 
by  proper  regulation  of  the  diet. 

BHEUMATISM. 

Rheumatism  is  commonly  caused  by  allowing  hogs  to  sleep  in 
damp,  filthy  and  improperly  ventilated  quarters.  The  system  of  ven- 
tilation should  be  such  that  there  will  be  no  direct  currents  of  air 
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striking  the  animals.  The  sun  should  have  free  access  to  the  houses 
at  all  times.  This  will  keep  the  sleeping  quarters  in  a  dry,  sanitary 
condition. 

When  affected  with  rheumatism,  the  animals  generally  become 
unthrifty,  and  fail  to  make  proper  use  of  their  feed,  the  appetite 
becomes  dull  which  gives  rise  to  the  rough,  staring  coat.  Prevention 
should  be  the  first  aim  of  the  owner,  and  to  accomplish  this,  thd 
yards,  pastures  and  houses  should  be  made  dry  and  clean.  Damp 
bedding  and  cold  floors  should  be  avoided.  If  the  hog  house  has  a 
cement  floor,  false  wooden  floors  should  be  provided,  especially  in 
the  sleeping  apartment  of  the  building. 

Other  treatment  is  of  little  avail  if  comfortable  sanitary  quarters 
are  not  provided. 

PRACTICAL  DEDUCTIONS  ON  SWINE  MANAGEMENT. 

Keep  the  hogs  healthy  at  all  times.  The  market  hog  is  only  re- 
tained for  a  comparatively  short  time,  six  to  eight  months.  If  this 
period  can  be  passed  safely,  the  profits  are  insured.  If  disease  has 
heen  allowed  to  fasten  itself  upon  the  herd,  it  may  loosen  its  grip 
with  a  comparatively  small  loss  to  the  owner,  or  it  may  take  prac- 
tically the  entire  herd  before  the  farmer  locates  the  trouble.  If  the 
following  twelve  rules  are  observed,  much  loss  will  be  saved : 

Keep  only  healthy,  strong  boned,  vigorous  feeders  and 
breeders. 

Provide  plenty  of  pure  water,  sunshine,  range  and  green 
forage  crops. 

Do  not  allow  newly  acquired  animals  to  mix  with  the  herd. 
Keep  them  in  separate  quarters  for  three  to  four  weeks. 

Feed  with  judgment,  be  regular  and  watch  for  any  unusual 
symptoms  in  the  herd.  See  that  every  hog  responds  at  feeding 
time.     Do  not  overfeed  or  use  fattening  feeds  excessively. 

Allow  the  breeding  stock  plenty  of  exercise,  and  keep  in  a 
medium  fat  condition.  Do  not  have  them  excessively  fat  at 
any  time. 

Feed  plenty  of  ashes,  charcoal,  sulphur,  lime,  turpentine  and 
copperas.  These  are  excellent  preventatives  for  intestinal  worms, 
a  common  source  of  trouble. 

Do  not  allow  visitors  around,  the  herd  after  coming  from  a 
farm  where  cholera  or  other  contagious  diseases  are  known  to 
exist. 

See  that  the  hogs  are  kept  free  from  lice  and  intestinal  para- 
sites. Avoid  filthy  wallows  and  foul  drinking  water.  Intes- 
tinal worms  are  likely  to  be  contracted  from  such  places. 

Do  not  feed  for  excessive  weight.  Market  the  hogs  when  they 
weigh  from  two  hundred  to  two  hundred  and  fifty  pounds. 
Greater  weight  is  made  at  a  heavy  cost  for  feed  consumed  and 
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the  risk  is  great,  disease  often  attacking  the  herd  during  this 
prolonged  period  of  feeding. 

Clean  the  houses,  lots  and  pens  often,  and  disinfect  freely. 
Let  in  the  sun  to  do  its  portion  of  the  work.  Sunshine  is  the 
most  powerful  disinfectant  known.  Grerms  of  disease  can  not 
live  in  its  presence. 

Keep  the  hogs  separated  in  droves  of  twenty  to  twenty-fire. 
When  allowed  to  run  in  larger  numbers,  the  risk  is  often  much 
greater.  This  applies  especially  to  fattening  hogs,  as  conditions 
make  it  necessary  to  segregate  breeding  males  and  females. 

Do  not  make  it  a  practice  to  serve  the  herd  boar  to  outside 
females.     Disease  is  sometimes  contracted  from  such  sources. 

These  rules  cover  in  a  general  way  what  is  considered  proper 
management  for  a  herd  of  hogs.  Many  minor  details  must  be  con- 
eidered  in  practice,  yet  if  the  above  rules  are  carefully  observed  a 
great  amount  of  trouble  will  be  avoided.  Good  judgment  in  feed- 
ing and  proper  management  will  usually  avert  trouble.  The  feeder 
should  keep  a  watchful  eye  for  any  stragglers.  If  the  feed  trough 
is  not  approached  when  feeding  time  draws  near,  there  is  trouble 
brewing  somewhere.  Try  to  locate  the  trouble  at  once.  If  contagion 
is  suspected,  transfer  the  well  hogs  to  new  quarters  immediately. 

CERTIFIED  SWINE  BREEDERS'  ASSOCIATIONS. 

Name  of  Breed.  Book  of  Record.       '  By  Whom  Publtahed. 

Berkshire American  Berkshire      '  American  Berkshire  Association,  F.  S.  Springer,  Secrrtary 

Record.  \      £10  £.  Monroe  St.,  Springfield,  Ul. 

Poland  China American  Poland  '  American  Poland  China  Record  Association.  W.  U.  Mc- 

China  Record.  Fadden,  Secretary,  Union  Stock  Yards,  Chicago.  111. 

Do National  Poland  National  Poland  China  Record  Co..  A.  M.  Brown,  Seri«- 

China  Record.  tary,  Drawer  16,  Winchester,  Ind. 

Do Standard  Poland-  Standard   Poland-China  Record   Association,  Geo.  F. 

China  Record.  Woodworth,  Secretary.  MaryviUe.  Mo. 

Do Southwestern  Poland-    Southwestern  Poland-China  Record  Association,  H.  P. 

China  Record.  Wilson,  Secretary,  Gadsden,  Tenn. 

Duroc- Jersey American  Duroc-  American    Duroc-Jcrsey   Swine    Breeders'   Asnx'iatloD, 

Jersey  Record.  T.  B.  Pearson,  Sec-etary,  Thomtown,  Ind. 

Do National  Duroc-  National  Duroc- Jersey  Record  Association,  H.  C.  SIkI* 

Jersey  Record.  don.  Secretary,  Peoria,  111. 

Chester,  Ohio  Imp.     Ohio  Improved  Ches-    Ohio   Improved   Chester   Swine   Breeders'   Aasoriation. 
ter  Record.  J.  C.  Hlltes,  Secretary,  Cleveland,  Ohio. 

Tamworth American  Tamworth      American  Tamworth  Swine  Record  Axsociation.  E.  N. 

Swine  Record.  Ball,  Secretary,  Ann  Arbor.  Mich. 

Yorkshire American  Yorkshire       American  Yorkshire  Club,  Harry  G.  Crum,  SccreUrj, 

Record.  Whltebear  Lake.  Minn. 

Hampshire American  Hampshire     American  Hampshire  Swine  Record  Association.  E.  C 

•Swine  Record.  Stone,  Secretary,  Armstrong,  111. 

Cheshire Cheshire  Herdbook...    Cheshire  Swine  Breeders'  Association,  Ed.  S.  Hill.  Sec- 
retary. Freevllle,  N.  Y. 
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FIG  CULTURE  IN  NORTH  CAROLINA. 


By  F.  C.  Reibier,  Horticulturist. 


The  Station  is  constantly  receiving  inquiries  regarding  fig  culture 
ill  this  State,  and  requests  for  literature  on  the  subject.  Judging 
from  the  large  number  and  the  nature  of  the  inquiries,  there  seems  to 
be  considerable  interest  in  the  subject.  Most  of  these  inquiries  per- 
tain to  the  culture  of  this  fruit;  but  a  great  many  are  in  reference 
to  the  cause  and  remedy  of  the  dropping  of  the  immature  or  green 


Fig.  1 .— Expcllent  Fig  Tree. 


figs.  As  the  Station  has  heretofore  never  ])ublished  a  complete  bul- 
letin on  the  subject,  it  has  l)een  unable  to  supply  the  demand  for 
such  literature. 

The  writer  feels  that  a  publicaticm  of  this  kind  is  needed.  He  is 
couvinced  that  the  fig  should  be  more  widely  grown,  especially  in 
the  eastern  half  of  the  State,  lie  knows  of  fig  trees  in  most  of  the 
eastern  counties,  growing  luxuriantly  and  bearing  good  crops  even 
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under  the  greatest  neglect.  The  fig  is  one  of  the  finest  fmite  fi.»r 
home  use  grown  in  the  South.  It  is  delicious  and  wholesome  wheL 
eaten  fresh  and  fig  preserves  are  the  standard  of  excellence.  The 
home  fruit  orchard  is  almost  a  thing  of  the  past  on  many  Iforth 
Carolina  farms,  due  to  the  large  number  of  new  insects  and  disease* 
which  have  been  brought  in  during  the  past  twenty-five  years.  For- 
tunately, the  fig  is  not  seriously  affected  by  these  troubles,  and  can 
be  grown  without  the  constant  use  of  the  spray  pump. 

Furthermore,  the  fig  is  one  of  the  most  profitable  fruits  grown  in 
the  Upper  South.  Fig  culture  is  really  in  its  infancy;  and  verv 
few  people  realize  the  possibilities  of  the  industry.  Even  most  of 
those  who  have  grown  this  fruit  for  home  use  do  not  know  that  bv 
selecting  the  proper  varieties  and  by  using  proper  methods  figs  can 
be  shipped  to  the  large  distant  markets.  The  writer  knows  of  one 
acre  of  figs  at  Raleigh,  North  Carolina,  which  has  during  the  past 
five  years  probably  netted  the  owner  greater  returns  than  any  acr^ 
in  other  fruits  in  the  eastern  half  of  the  State. 

SUITABLE  LOCALITIES. 

Eastern  North  Carolina  is  favorably  situated  for  the  growing  »;f 
figs  for  market.  It  is  practically  the  northern  limit  of  commercial 
fig  culture  in  the  Eastern  States.  This  gives  the  grower  a  distinct 
advantage  over  the  grower  farther  south,  as  he  is  nearer  the  large 
Northern  markets.  The  fruit  is  very  perishable  and  can  not  be 
shipped  long  distances,  unless  picked  when  in  a  very  immature  e<^n- 
dition.  To  pick  it  long  before  it  has  properly  ripened  means  a  fis: 
of  very  poor  quality,  as  this  fruit  develops  high  quality  only  when 
allowed  to  ripen  on  the  tree.  The  fruit  grown  in  this  State  need 
not  be  picked  for  shipment  until  practically  ripe.  The  express  rates 
are  also  considerably  less  on  fruit  shipped  to  the  North  from  thi^ 
State  than  from  sections  farther  south. 

CLIMATIC  REQUIREMENTS. 

The  climate  of  the  eastern  half  of  thi«  State  is  well  suited  to  the 
growing  of  figs ;  and  in  this  respect  this  section  has  a  distinct  advan- 
tage over  the  Lower  South.  Strange  as  it  may  seem  the  fig  tree  ij^ 
often  more  severely  injured  by  cold  weather  in  the  Lower  South  than 
in  this  State.  This  is  due  principally  to  the  marked  changes  in 
weather  during  the  winter  in  that  section;  as,  long  warm  period- 
suddenly  followed  by  cold  weather.  The  fig  is  very  sensitive  and 
starts  into  growth  quickly  during  such  warm  spells,  and  then  i> 
readily  injured  by  cold  weather.  As  long  as  the  trees  of  our  hardy 
varieties  of  figs  remain  dormant,  they  are  seldom  injured  by  cold. 
It  is  very  rarely  that  we  have  enough  warm  weather  during  winter 
in  this  State  to  start  our  leading  varieties  into  growth,  and  it  i-^ 
therefore  seldom^that  thev  are  severely  injured  bvoold.,, ,.,^ 
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The  climate  of  this  State  during  summer  is  also  well  suited  to 
the  fig.  For  best  results  the  first  half  of  the  summer  should  be 
relatively  moist  with  a  heavy  rainfall,  so  as  to  produce  long,  vigorous 
branches,  which  are  necessary  for  a  large  crop  of  fruit.  The  last  of 
the  summer  ard  early  fall,  while  the  fruit  is  ripening,  should  be  dry 
with  a  great  deal  of  sunshine  to  prevent  the  souring  of  the  fruit  and 
to  develop  sugar  and  flavor.  The  climate  here  corresponds  very  well 
with  these  requirements.  While  considerable  rain  falls  during 
August,  this  usually  comes  in  a  few  heavy  showers,  and  the  month 
is  characterized  mostly  by  hot,  bright,  sunny  weather.  The  bulk  of 
our  figs  for  market  are  harvested  during  September,  while  the 
weather  is  very  dry,  with  intense  sunshine — the  ideal  conditions  for 
th(»  maturing  of  figs. 

The  fig  can  be  grown  in  any  section  of  the  Sfate  east  of  the  moun- 
tains, but  usually  needs  some  protection  in  the  Upper  Piedmont; 
and  it  should  never  be  grown  there  except  for  home  use.  The 
Coastal  Region  and  the  Lower  Piedmont  are  well  adapted  to  this 
fruit.  The  most  favored  sections  are  found  in  the  extreme  eastern 
part  of  the  State,  along  the  coast.  There  the  winters  are  mild,  with 
so  little  variation  that  very  old  fig  trees  have  never  been  seriously 
injured  by  cold.  In  the  Piedmont  section  excellent  trees  are  found 
as  far  west  as  Caswell  and  Rowan  counties,  but  these  are  of  the 
hardiest  varieties  and  are  well  protected  from  severe  cold  winds. 
The  western  limit  of  commercial  fig  culture  in  this  State  can  not  be 
definitely  designated,  as  much  depends  on  local  conditions  and  the 
variety  planted.  An  elevation  above  sea-level  of  one  hundred  feet 
in  the  northern  part  of  the  State,  four  hundred  feet  in  the  central 
part,  and  five  hundred  feet  in  the  southern  part  roughly  indicates 
this  limit. 

SOIL. 

The  fig  can  be  successfully  grown  on  a  greater  variety  of  soils  than 
most  other  fruits.  It  is  grown  on  all  soils,  ranging  from  the  light 
sandy  soils  along  the  coast  to  the  heavy,  tenacious  red  clay  soils  of 
the  Piedmont  section;  and  from  the  low,  moist,  marshy  soils  in  the 
coastal  region  to  the  high,  dry  soils  of  the  sand  hill  region.  But 
this  does  not  mean  that  it  does  equally  well  on  all  soils. 

The  best  soil  for  the  figs  generally  grovm  in  this  State  is  a  well- 
drained,  moist,  mellow,  sandy  loam  well  filled  with  humus.  It 
should  contain  an  abundance  of  lime,  especially  if  the  figs  are  to  be 
shipped  long  distances,  and  where  the  best  quality  is  desired.  The 
basis  for  such  soils  is  found  in  many  places  in  the  coastal  section, 
where  the  soil  contains  large  deposits  of  sea  shells  and  considerable 
marl.  By  good  drainage  and  the  addition  of  humus  these  soils  can 
l)e  made  almost  ideal  for  figs.  In  fact  most  of  the  soils  in  this  sec- 
tion will  answer  very  well  if  an  abundance  of  humus  is  incorporated, 
to  conserve  moisture  during  long  dry  seasons.  Digitized  by  VjUU^ it! 
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The  heavv  clay  soils  of  the  Piedmont  section  will  not  prcnluce  a 
fig  of  the  highest  quality  no  matter  what  treatment  is  given.  Such 
soik  produce  a  coarse  fig  deficient  in  sugar  and  in  shipping  qualities. 
Still  such  soils,  when  thoroughly  drained  and  loosened  up  with  larer 
quantities  of  vegetable  matter,  can  Ix?  made  to  produce  very  sati-^ 
factory  crops  of  figs.  Then  too,  these  clay  soils  have  a  distincr 
advantage  in  that  the  nematode  worm  does  not  attack  the  fig  seriouslv 
on  such  -heavy  soils. 

PROPAGATION. 

The  fig  is  easily  propagated  by  cuttings,  layering,  ring-buddine. 
and  grafting.      In  this  State,  propagation  by  cuttings  is  the  ra-iie.-r 


Fia.  2— Well  Rooted  Fig  Cutting. 


and  most  satisfactory  way.  The  work  can  be  done  at  almost  any 
time  of  the  year ;  but  by  far  the  best  results  are  obtained  if  done 
during  the  winter  while  the  plant  is  dormant. 
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The  cutting  should  be  taken  from  strong,  healthy  plants  of  the 
desired  variety  and  preferably  from  plants  growing  in  the  immediate 
locality.  Select  the  one-year-old  branches  that  are  plump  and  stocky, 
\vhich  are  usually  found  on  the  outside,  where  they  were  well 
<*xposed  to  the  light.  Do  not  take  the  long,  slender  shoots  or  suckers 
found  on  the  base  of  the  plant. 

A  good  cutting  should  be  at  least  one  foot  long,  or  preferably 
Itmger.  The  cut  ends  should  not  expose  any  pith,  but  the  hard  wood 
of  the  partition  foimd  at  the  node.  The  cuttings  should  not  be 
allowed  to  dry  out,  or  become  shrivelled ;  as  soon  as  made  they  should 
be  tied  into  bundles  of  convenient  size  and  buried  in  moist  sand. 
The  following  spring  they  should  be  planted  either  in  the  field  where 
they  are  to  remain  permanently  or  in  the  nursery  row.  The  latter 
method  is  usually  preferable,  as  they  can  be  given  better  care  and 
^own  at  less  expense.  They  should  be  planted  deep,  leaving  only 
the.  uppermost  bud  just  alK)ve  the  surface  of  the  soil.  Some  prefer 
to  make  the  cuttings  late  in  the  spring  and  plant  theiu  at  once  in 
the  field.     This  is  certainly  the  most  economical  method. 

PLANTING, 

The  soil  should  be  thoroughly  prepared  by  deep  ploughing  and 
enough  disking  and  harrowing  to  pulverize  every  clod.  Usually  clay 
soils  are  not  ploughed  deep  enough,  especially  by  the  beginner.  It 
must  be  remembered  that  the  fig  is  naturally  a  very  shallow-rooted 
plant,  especially  where  the  subsoil  is  hard  and  comes  up  near  the  sur- 
face. Clay  soil  should  be  ploughed  eight  to  ten  inches  deep  and  then 
«?ubsoiled  to  a  depth  of  six  to  eight  inches.  This  gives  opportunity 
for  proper  root  development,  and  storage  of  large  quantities  of  water. 

The  best  time  to  do  the  planting  is  in  the  spring.  Fall  planting 
is  not  advisable,  as  the  young  plant  can  not  endure  very  much  cold 
iHitil  it  becomes  well  established.  If  the  planting  is  done  in  the 
fall  or  winter  the  young  plant  should  be  entirely  covered  with  dirt 
until  spring. 

The  distance  apart  to  plant  will  depend  on  the  variety  and  the 
method  of  training,  whether  in  tree  or  bu^h  form.  Such  semi-dwarf 
varieties  as  Brown  Turkey  are  usually  planted  10x10  or  12x12 
feet  apart  in  this  State.  Large  growing  varieties,  like  (Vhstial, 
need  more  room — 15  x  15  to  20  x  20  feet. 

For  best  results  the  fig  should  be  planted  deep.  The  young  plant 
^'hould  ho  planted  from  four  to  six  inches  dee])er  than  it  stood  in  the 
nursery  row;  and  then  the  entire  top  of  the  plant  should  b(»  cut  oflF 
at  the  surface  of  the  ground.  This  induces  a  number  (jf  branches  to 
come  out  from  below  the  ground,  which  giv(»  the  dump  or  bush  form 
so  desirable  in  the  Upper  South.  If  the  cuttin<]fs  are  ])lanted  in  the 
permanent  places  in  the  fi(  Id  the  plants  should  be  cut  down  to  the 
groimd  ore  year  after  planting.     Some  growers  pii^dfri^mu^Mtito 
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five  plants  or  cuttings  at  each  place  instead  of  one,   with  excel- 
lent results. 

CULTIVATION  AND  MULCHING. 

One  of  the  most  important  questions  connected  with  fig  culture  i^ 
that  regarding  the  best  method  of  cultivation.  Some  advocate  no 
cultivation,  contending  that  it  does  more  harm  than  good,  while 
others  recommend  the  most  thorough  kind  of  cultivation.  While 
good  results  are  obtained  from  both  methods,  by  far  the  best  result> 
are  obtained  where  the  ground  is  kept  mellow,  moist,  free  from 
weeds,  and  i«  cultivated  shallow  so  as  not  to  disturb  any  roots.     The 


Fio.  3.— Mulch  of  Compost;   Showing  Ideal  Condition  Under  a  Fig  Tree. 


best  way  to  do  this  is  to  keep  a  heavy  mulch  of  compost  on  the 
ground  under  the  trees  at  all  times,  and  to  keep  the  weeds  down  with 
a  hoe  or  shallow  working  cultivator.  One  of  the  best  fig  growers  in 
the  State  is  constantly  accumulating  compost  by  putting  manure, 
straw,  paper,  and  all  sorts  of  refuse  in  a  pile  and  allowing  it  to  rot 
partly  before  using.  Fig.  3  shows  the  ideal  condition  under  one  of 
his  fig  trees.  The  soil  under  this  mulch  is  in  perfect  condition  for 
figs  at  all  times.  It  never  bakes  or  dries  out  during  summer ;  and 
never  freezes  during  winter,  which  is  a  very  important  matter  in 
preventing  injury  from  cold. 
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MAICUBE  AND  FERTILIZERS. 

The  fig  is  a  gross  feeder.  There  is  probably  no  other  fruit  tree 
that  can  use  to  advantage  such  large  quantities  of  plant  food.  The 
growth  of  the  plant  and  the  quantity  of  fruit  produced  are  in  direct 
proportion  to  the  quantity  of  plant  food  supplied.  One  of  the  most 
important  things  in  this  State  is  stable  manure,  as  our  soils  are  so 
deficient  in  humus  and  nitrogen.  The  manure  supplies  the  humus 
in  the  best  form.  This  loosens  the  soil  and  enables  it  to  store  large 
quantities  of  moisture,  which  is  essential  in  growing  figs.  Another 
important  constituent  is  lime.  Some  of  our  soils  are  so  deficient  in 
lime  that  they  are  actually  acid,  which  means  that  large  quantities 
must  be  supplied  if  good  crops  are  desired.*  From  one-half  to  a  ton 
per  acre  applied  broadcast  around  the  plants  will  give  good  results. 

The  fig  also  uses  large  quantities  of  potash  and  phosphorous  acid. 
On  our  clay  soils  very  little  potash  need  be  supplied  if  large  quantities 
of  stable  manure  are  used,  but  on  most  of  the  sandy  soils  it  must  be 
supplied.  Phosphoric  acid  can  be  advantageously  applied  in  the  form 
of  ground  phosphate  rock.  This  should  be  put  on  the  compost  around 
the  plant,  or  first  mixed  with  the  manure  in  the  stable  or  on  the 
compost  heap.  Of  course  the  amount  of  commercial  fertilizer  to 
apply  will  depend  entirely  on  the  fertility  and  condition  of  the  land, 
and  the  intensiveness  of  the  cultural  methods.  If  the  trees  are 
suffering  from  a  lack  of  nitrogen  it  will  usually  be  indicated  by  yel- 
lowish leaves  and  stunted  growth.  An  application  of  200  pounds  of 
nitrate  of  soda  or  400  pounds  of  cotton  seed  meal,  per  acre,  will 
usually  correct  the  trouble. 

IRRIGATION. 

The  fig  bears  its  fruit  in  the  axils  of  the  leaves ;  usually  one  in 
t  ach  axil.  The  longer  the  branches,  the  larger  will  be  the  number 
of  leaves,  and  hence  the  larger  the  crop  of  fruit  produced.  The  crop 
of  fruit  then  is  in  direct  proportion  to  the  vigor  of  the  plant.  To 
produce  a  vigorous  gi'owth  this  plant  must  have  large  amounts  of 
water.  It  has  often  been  observed  that  a  fig  tree  growing  near  a 
house  where  the  roots  can  extend  into  the  moist  soil  under  the  house, 
is  usually  much  more  vigorous  than  one  growing  in  the  open  ground. 
Soils  which  are  well  supplied  with  humus,  which  acts  as  a  great 
sponge  in  storing  up  water,  give  far  better  results  than  soils  deficient 
in  humus.  Some  of  the  finest  crops  of  figs  are  grown  on  bottom  land 
where  the  soil  never  becomes  very  dry. 

This  State  has  an  annual  rainfall  of  over  fifty  inches,  which  if 
properly  conserved  is  sufficient  to  grow  a  good  crop  of  figs.  Many 
of  our  soils  are  in  such  bad  mechanical  condition,  however,  that  most 
of  this  rainfall  is  lost.     On  such  soils,  and  during  very  dry  seasons 
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on  good  soils,  irrigation  becomes  necessary  for  best  results.  This  i- 
usually  necessary  during  September  and  October,  when  the  bulk  '  i 
the  fruit  is  ripening  and  at  which  time  comparatively  little  rai'i 
falls.  The  most  economical  method  of  irrigation  is  where  the  water 
can  be  obtained  from  some  nearby  stream  or  brook.  But  where  tbi-^ 
can  not  be  done  a  pumping  plant  with  a  large  storage  tank  is  rc*^-- 
sary.  A  good  windmill  or  gasoline  engine  is  excellent  for  this  pur- 
pose.    A  leading  grower  at  Raleigh,  Xorth  Carolina,  gets  hi*  wai'  r 


Fio.  4. -Well  Branch(>d  Fig  Tree,  Showing  Best  Form  for  the  Upper  South. 

from  the  regular  city  water  supply.  lie  has  several  hydrants  per 
acre,  to  which  he  attache  s  a  long  rubber  hose  so  that  the  water  eai2  Ix' 
carried  to  every  plant.  lie  has  used  as  much  as  200,000  gallor^^  a 
season  on  one  acre,  mostly  during  August  and  September.  Hj^^ 
main  object  is  to  keep  the  ))lants  growing  and  to  produce  fruit  oi 
large  size.  A  heavy  mulch  should  be  kept  afound  each  plant  to^fi 
the  best  rr-sults  from  irrigatioii. 
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PRUNING  AND  TRAINING. 


n)5 


The  subject  of  pruning  and  training  figs  has  received  altogether 
too  little  attention  in  the  past.  While  growers  in  some  sections, 
especially  in  the  Lower  South,  have  little  faith  in  this  operation,  it 
is  an  absolute  neceseity  for  best  results  in  the  Upper  South.  This 
applies  especially  to  the  matter  of  training.     In  this  State  the  fig 


Fio.  6.— Fig  Tree  Showing  the  Worthless  Sprouts  on  the  Body  Which  Should  be  Removed. 

j^hould  never  be  grown  as  a  tree ;  that  is,  with  a  single  trunk.  Every 
effort  should  be  made  to  induce  it  to  form  a  bush  or  stool.  The 
advantages  of  this  are  many:  it  offers  better  ()])])nrtunity  for  protec- 
tion against  cold;  the  trees  come  into  bearing  earlier  should  they  be 
fn  zen  back  to  the  ground ;  they  bear  more  fruit  durinii:  the  first  five 
years;  and  the  fruit  is  more  readily  gathered. 
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As  soon  as  the  young  plant  has  been  planted  it  should  be  cut  back 
to  the  ground;  if  cuttings  are  planted  cut  them  back  a  year  later. 
If  the  plant  continues  to  send  up  only  a  single  stem  it  should  be 
repeatedly  cut  back  until  it  throws  up  the  desired  number  of  shoots. 
If  too  many  shoots  come  up  cut  off  all  but  five  or  six  of  the  best. 
If  these  grow  vigorously  and  become  too  tall  and  slender  they  should 
be  pinched  back  during  the  first  summer  or  cut  back  the  following 
winter.  Every  effort  should  be  made  to  induce  low  branching,  a.* 
shown  in  Fig.  4. 

As  soon  as  the  desired  shape  has  been  attained  and  the  plant 
begins  bearing,  very  little  pruning  should  be  done.  There  is  little 
to  be  gained  and  much  to  be  lost  by  pruning  a  bearing  tree  of  the 
varieties  usually  grown  here.  The  principal  thing  is  to  cut  out 
entirely  all  water  sprouts,  which  are  long,  slender,  weak  shoot< 
springing  from  the  body  of  the  tree.  These  should  be  removed  as 
soon  as  they  appear,  and  it  will  be  iiecessary  to  go  over  the  trees 
several  times  each  summer.  Of  course  all  dead  wood  should  be 
removed.  Wherever  the  head  of  the  tree  becomes  too  thick,  thinning 
out  should  be  practiced.  In  all  cases  where  a  branch  is  cut  off  it 
should  be  removed  entirely,  cutting  it  off  at  the  base  so  as  to  leave 
no  sign  of  a  stub. 

WINTER  PBOTECTIOIf. 

In  the  extreme  eastern  part  of  this  State  no  protection  is  needed 
during  winter,  except  to  locate  so  as  to  avoid  severe  cold  winds.  Xo 
other  protection  is  usually  needed  in  the  Lower  Piedmont ;  but  it  is 
a  necessity  during  very  cold  winters,  especially  while  the  plant  is 
young.  Cold  weather  like  that  experienced  during  the  winter  of 
1899  freezes  the  plants  down  to  the  ground  unless  thoroughly 
protected. 

There  is  nothing  that  injures  a  fig  tree  more  quickly  than  cold, 
severe  winds  during  winter.  A  fig  tree  can  endure  considerably 
more  cold  where  sheltered  than  where  exposed  to  strong,  dry,  cold 
winds.  The  first  means  of  protection  then  is  to  locate  the  fig.orchard 
so  as  to  have  a  group  of  buildings,  a  forest,  a  hill,  a  high  fence,  or  a 
high  thick  evergreen  hedge  on  the  north  and  west  sides.  If  no  such 
place  is  available,  then  plant  a  hedge  of  California  privet  along  the 
north  and  west  side  of  the  field ;  or  construct  a  high  board  fence. 

The  second  most  important  matter  is  to  keep  a  heavy  mulch  under 
the  trees  to  prevent  freezing  of  the  soil  and  to  keep  it  moist.  This 
protects  the  very  shallow  roots  from  freezing  and  supplies  moisture 
to  the  top,  a  very  important  matter  in  preventing  injury  from  cold. 

Until  the  plants  are  five  years  old,  the  best  method  of  protection  is 
to  cover  them  with  dirt.  To  do  this  most  effectively,  the  plants  are 
trained  to  grow  in  an  inclined  position,  as  shown  in  Fig.  6.     During 
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November  they  are  bent  to  the  ^ound  and  covered  with  dirt.     An 
excellent  method  to  prevent  rotting  of  the  branches  during  warm 


Fio.  6— Excellent  Method  of  Training  Tree  to  Facilitate 
Bending  Down  and  Covering  During  Winter. 

weather  in  winter  is  to  cover  them  with  a  large  divided  banana  crate, 
or  similar  covering,  before  putting  on  the  dirt.     See  Fig.  7. 


Fio.  7.— Fig  Tree  Bent  Down  and  Co\'ered  with  Banana  Crate  and  Dirt,  to  Protect  From  Cold. 

After  the  plants  are  too  large  to  be  bent  to  the  ground  the  best 
method  is  to  put  a  small  rope  around  the  bush,  draw  the  branches 
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together,  then  bend  the  whole  plant  over,  stake  and  cover  it,  as  sho\)m 
in  Fig.  8.  For  covering,  various  materials  are  used,  as,  boards, 
slabs,  banana  crates,  canvas,  straw,  weeds,  excelsior,  and  pine 
branches.  The  main  object  is  to  exclude  the  sunlight  to  prevent 
the  buds  from  swelling,  and  to  protect  the  plant  from  cold  winds. 


Fia.  8.— Tree  Bent  Over.  Staked  and  Covered  With  Slaba  to  Exclude  Sunlight  During  Winter. 

HARVESTING. 

The  varieties  most  generally  grown  in  this  State  produce  two 
crops — one  ripening  principally  during  June,  known  as  the  *'breba'' 
crop,  and  the  other  during  August,  September,  and  October.  The 
first  crop  while  not  ripening  very  much  earlier  than  the  second  crop 
is  very  distinct  from  it,  as  the  fruit  of  this  crop  is  borne  on  the  last 
wood  produced  the  previous  reason.  The  second  crop  is  borne  on 
the  new  wood  of  the  season.  The  first  crop  is  small,  but  the  indi- 
vidual figs  are  very  large.  The  sec^^nd  crop  is  very  large  and  the 
individual  fruits  are  medium  to  large  in  size. 

The  trees  should  be  gone  over  every  day  during  warm  weather 
and  all  figs  that  are  ripe  should  be  picked.  If  the  fruit  i^  for  home 
use  or  the  local  market,  it  should  be  allowed  to  become  fully  ripe  on 
the  tree.  The  figs  will  then  be  soft  and  of  the  highest  quality.  If 
they  are  to  be  shi})i)ed  to  distant  markets,  they  should  be  picked  abiuit 
two  days  earlier.  If  to  be  u^2ed  for  preserves,  they  should  be  picked 
when  fully  ripe  but  before  cracking  open. 

The  wrathcT  during  the  picking  season  should  be.  dry  with  an 
abundance  of  sunshine.  If  it  is  rainy  and  cloudy  the  figs  crack 
open,  are  of  })oor  quality,  and  soon  sour  on  the  plant.  If  there  is  a 
heavy  dew  on  the  plant  in  the  morning  the  figs  vshould  not  be  picked 
until  the  plants  are  dry.  If  a  single  fig  in  a  box  is  wet  when  packed 
it  will  often  destroy  the  entire  lot  within  twenty-four  hours. 
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The  fruit  must  be  carefully  picked  by  hand  and  the  work  done  by 
the  best  labor  obtainable.  Every  eflFort  should  be  made  in  pulling 
rhe  fruit  to- have  the  stem  remain  on  the  fig.  If  it  does  not  it  breaks 
f  be  skin  at  the  base  of  the  fruit,  and  decay  set«  in  immediately.  As 
the  fruit  is  picked  prematurely  for  market,  the  stem  parts  from  the 
branch  with  difficulty.  The  most  satisfactory  way  to  pick  is  to  clasp 
the  stem  instead  of  the  body  of  the  fig,  so  as  to  prevent  breaking  the 
"fruit  at  the  ba«e.  This  means  sore  thumbs  and  fingers,  which  can 
V>€  prevented  by  wearing  thin  gloves.  Another  method  is  to  cut  the 
figs  off  with  a  small,  sharp  knife;  but  unless  considerable  care  is 
e^xercised  the  leaf  -subtending  the  fig  is  also  cut  off. 

In  gathering  the  fruit,  never  use  deep  receptacles,  as  the  fruit  is 
oertain  to  be  mashed  by  its  own  weight.  One  of  the  best  receptacles 
for  this  purpose  is  the  carrier  used  by  strawberry  pickers.  As  soon 
as  picked  the  figs  should  be  taken  to  the  packing  shed  without  delay. 

The  fruit  of  most  varieties  grown  in  this  State  can  easily  be  picked 
without  the  aid  of  ladders.  With  the  larger  growing. kinds,  like  the 
Oelestial,  a  step-ladder  is  sufficient  for  this  work. 

MARKETING. 

The  fig  is  one  of  the  most  difficult  of  all  fruits  to  market.  The 
work  demand's  a  thorough  knowledge  of  the  characteristics  of  the 


Fio.  0. — Crate  of  Brown  Turkey  Figs,  Showing  Proper  Method  of  Packing 

varieties  grown,  great  care  in  picking  and  considerable  skill  in  pack- 
ing.     This  applies  especially  to  figs  sent  to  distant  markets. 
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By  far  the  best  package  to  ship  the  fruit  in  is  the  regular  24-quari 
or  32-quart  strawberry  crate.  The  six-basket  peach  carrier  has  beeu 
used,  but  the  baskets  are  so  large  that  the  fruit  often  mashes  badly 
when  shipped  long  distances. 

The  fruit  should  fit  snugly  into  the  quart  boxes  or  it  is  certain  to 
get  bruised.  It  requires  twenty-two  large  figs  of  our  leading  variety 
to  fill  a  quart.  These  should  be  placed  or  packed  in  the  quart  box 
in  the  following  manner:  Place  nine  of  the  figs  on  the  bottom  with 
stems  pointing  up.  The  next  layer  consists  of  four  figs  with  stems 
pointing  down ;  these  fit  down  into  the  four  large  spaces  around  the 
central  fig  on  the  bottom.  The  top  layer  consists  of  nine  figs  with 
stems  pointing  downward.     See  Fig.  9. 

With  the  smaller  fruits  no  systematic  method  of  packing  can  be 
followed.  The  fruit  is  simply  placed  in  the  quart  baskets  in  the 
same  way  as  strawberries,  with. the  upper  layer  arranged  in  a  neat. 
attractive  manner. 

The  fruit  must  be  perfect.  Not  a  single  specimen  that  is  soft, 
broken,  or  that  shows  any  signs  of  decay,  should  go  into  the  package 
The  fruit  should  be  perfectly  dry  or  mould  and  fot  will  certainly 
result. 

The  fruit  should  be  shipped  by  express;  or  in  refrigerator  cars 
where  large  quantities  are  marketed.  Never  should  they  be  sent  by 
freight  excei)t  under  refrigeration. 

As  very  few  fresh  figs  are  shipped  to  the  large  cities,  there  is  prac- 
tically no  competition  at  the  present  time.  This  makes  the  industry 
a  very  profitable  one.  The  prices  on  the  Northern  markets  usually 
range  from  ten  to  thirty-five  cents  per  quart.  When  planted  15  x  15 
feet  apart  an  acre  will  contain  one  hundred  and  ninety-three  fig 
bushes.  When  well  established  every  bush  should  produce  at  least 
one  bushel  of  fruit.  One  of  the  best  growers  in  North  Carolina 
states  that  his  acre  of  figs  has  netted  him  from  $300  to  $500  a  year 
during  the  past  five  years. 

The  figs  which  become  too  ripe  for  long  shipments  should  be  sold 
on  the  local  market.  Many  varieties  are  not  at  all  suited  for  ship- 
ping purposes ;  these  should  either  be  sold  on  the  local  markets,  pre- 
served or  canned. 

USES. 

The  fig  is  undoubtedly  one  of  the  most  delicious  fruits  grown  in 
the  South.  Furthermore,  it  is  one  of  the  easiest  plants  to  grow,  and 
should  be  found  in  every  garden. 

The  fruit  is  delicious  when  eaten  fresh.  This  of  course  does  not 
apply  to  all  varieties,  as  some  are  distinctly  insipid.  But  it  is  true 
of  such  varieties  as  Celestial,  Ischia  White,  and  many  others.  The 
skin  should  be  removed  when  eaten  fresh  to  get  the  exquisite  flavors. 
Still  the  fruit  of  the  Celestial  when  left  on  the  tree  until  it  begins  to 
shrivel  can  be  eaten  with  the  skin.  With  all  varieties,  the  fruit  is  at 
its  best  when  left  on  the  tree  until  it  becomes  thoroughly  soft;  this 
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ineaii6  that  the  finest  fresh  figs  will  never  be  found  on  the  distant 
markets. 

Fig  preserves  are  regarded  by  many  as  the  finest  of  all  preserves, 
and  there  is  always  a  good  demand  for  them  at  excellent  prices. 
This  State  ought  to  preserve  a  ton  for  every  pound  preserved  at  the 
present  time.  This  is  the  proper  way  of  disposing  of  fruit  that  can 
not  be  shipped ;  especially  in  remote  sections  of  the  State. 

The  fruit  is  also  excellent  when  canned,  pickled,  or  when  made 
into  marmalade,  jam  and  paste. 

The  varieties  grown  in  the  Upper  South  are  not  well  suited  for 
drying  purposes. 

YARIETIES. 

The  most  important  characteristic  of  a  variety  for  this  State  is 


Fig.  10.— Branch  of  Brown  Turkey.  Showing  Heavy  Fruiting  Habit. 
One-third  Natural  Slie. 

that  it  must  be  hardy  enough  to  endure  our  cold  winters.     Very 
few  of  the  varieties  tested  so  far  are  hardy  enoug^itiJfe^thii^iSit^te- 
2 
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Another  important  characteristic  is  that  the  tree  should  be  a  dwarf 
or  semi-dwarf,  so  that  it  t?an  be  easily  protected  by  covering  if 
necessary. 

The  leading  variety  is  Brown  Turkey,  This  is  a  variety  with 
semi-dwarf  tree,  very  hardy,  and  is  a  heavy  bearer.  It  bears  a 
small  crop  of  "brebas,"  and  a  very  large  second  crop  ripening  from 
the  latter  part  of  July  until  October.  The  fruit  of  the  first  crop  is 
very  large,  while  that  of  the  second  crop  is  medium  to  large  in  size. 


Fig.  11.  —Branch  of  Celestial.    Two-thirds  Natural  Sl»e. 

The  fruit  ranks  as  fair  to  good  in  quality.  The  fruit  stands  ship- 
ment well ;  and  for  this  purpose  it  has  no  equal  among  all  the  other 
figs  grown  in  the  State. 

For  home  use,  the  best  variety  is  Celestial,  The  tree  is  a  strong, 
vigorous  grower  and  is  very  hardy.  It  soon  becomes  too  large  to  be 
covered  during  the  winter,  and  this  vigorous  growing  habit  is  an 
objection  to  the  variety  in  cold  climates.  The  tree  bears  only  on? 
crop,  which  is  usually  designated  as  the  second,  or  main  crop,  since 
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the  fruit  comes  on  the  new  wood.  The  crop  is  large  and  ripens 
during  July  and  August.  The  fruit  i«  small  in  size  and  this  is  its 
cbief  defect ;  but  it  makes  up  in  flavor  and  quality  what  it  lacks  in 
size.  It  is  far  better  suited  for  home  use  and  local  market  than 
for  the  general  market. 

Another  variety  that  has  given  excellent  results  and  that  ought 
to  be  more  generally  planted,  is  Ischia  White.  It  is  very  productive, 
and  the  figs  are  large  and  of  excellent  quality.  Unfortunately,  it 
is  not  so  hardy  as  the  Celestial  or  Brown  Turkey. 

The  Station  has  tested  many  varieties  of  figs  during  the  past,  but 
most  of  these  have  proved  worthless.  The  following  varieties: 
Brunswick,  Lemon,  Ischia  Black,  San  Pedro,  and  Adriatic  White, 
although  commonly  found  in  the  State,  are  not  worth  the  space 
they  occupy. 

Among  the  newer  varieties  the  following  are  very  promising: 
New  French,  Peau  Dure,  and  Bourgeassotte  Grise.  These  are  being 
thoroughly  tested  and  we  hope  to  have  them  tested  further  in  various 
sections  of  the  State. 

The  true  Smyrna  figs  are  of  no  value  here,  and  therefore  should 
not  be  planted  except  for  experimental  purposes.  ' 

DROPPING  OF  IMMATURE  FIGS. 

The  Station  receives  a  large  number  of  inquiries  every  year  regard- 
ing the  dropping  of  green  or  immature  figs.  These  come  from  every 
section  of  the  State  where  figs  are  grown,  and  often  from  other 
States.  There  are  many  fig  trees  in  the  vicinity  of  the  Station  and 
elsewhere  in  the  State  which  drop  their  figs  prematurely  as  regularly 
as  the  seasons  come. 

There  are  many  fig  trees  in  this  State  which  would  produce 
several  bushels  of  fruit  every  season  if  it  could  grow  to  maturity; 
but  when  about  two-thirds  grown  the  fruit  turns  yellowish,  begins  to 
shrivel,  becomes  dry  and  tough,  and  then  drops.  With  the  first  crop 
it  all  drops  within  a  few  days ;  while  with  the  -second  the  dropping 
extends  over  a  long  period,  each  fruit  falling  as  soon  as  it  reaches  a 
certain  size  or  stage  of  maturity. 

Various  causes  have  been  assigned  for  this,  such  as  cold  weather, 
very  dry  or  very  wet  weather,  too  rapid  growth,  poor  soil,  and  lack 
of  proper  fertilization.  The  writer  has  made  a  special  study  of 
these  figs,  and  has  determined  the  cause  in  nearly  every  instance. 
All  persons  who  had  written  regarding  this  trouble  were  asked  to 
send  fruit  of  these  trees  to  the  Station  for  examination.  Many  speci- 
mens were  received  from  various  sections  of  the  State  and  many 
others  were  collected  by  the  writer  in  this  vicinity. 
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CAUSE  OF  PREMATUBE  DROPPING. 

In  every  instance  where  the  dropping  was  at  all  serious  it  was 
found  to  be  due  to  the  kind  of  fig  grown,  and  not  to  the  conditions 
surrounding  the  plants.  At  least  ninety-five  per  cent  of  the  figs  ex- 
amined were  seedlings  of  the  true  Smyrna  fig.  Most  of  these  seed- 
lings, bear  fruit  very  similar  to  that  of  the  caprifig;  very  rarely  is  it 
like  that  of  the  true  Smyrna  fig.  It  has  long  been  known  that  the 
Smyrna  figs,  in  order  to  mature*  their  fruit,  must  be  fertilized  bv 
pollen  from  the  caprifig.  Hence  the  similarity  of  many  of  the 
Smyrna  seedlings  to  the  caprifig.     (Fig.  12.) 

The  caprifig  produces  two  kinds  of  flowers :  the  gall  flowers  which 
are  situated  on  the  sides  and  bottom  of  the  hollow  receptacle,  and  the 
male  flowers  which  form  a  ring  around  the  inside  of  the  eye.     Thr 


Fio.  12.— Longitudinal  Section  of  a  Smyrna  Seedling  Fig.  Showing  the  Well  Developed  Male  Flovcn 
Immediately  Around  the  Eye.  and  the  Short  Gall  Flowera.  Thla  Type  Always  Drops  Pre- 
maturely. 

gall  flowers  serve  as  a  home  for  small  insects,  while  the  male  flowers 
furnish  pollen  which  is  carried  by  these  insects  to  the  flowers  of  the 
Smyrna  figs.  If  these  small  insects  (Blastophaga)  do  not  lay  their 
eggs  in  the  gall  flowers  of  these  caprifigs  the  fruit  falls  to  the  ground 
long  before  it  ripens. 

The  flower-s  of  most  of  the  Smyrna  seedlings  are  almost  |>erfect 
reproductions  of  the  caprifig  flowers;  and  the  presence  of  the  same 
insect  is  required  to  bring  the  fruit  to  maturity.  The  fruit  of  these 
seedlings,  as  well  as  that  of  the  caprifig,  would  seldom  be  edible  if 
it  did  mature.  Very  rarely  a  seedling  is  foimd  which  produces 
pistillate  flowers  like  those  of  the  Smyrna  fig  and  these  flowers 
require  the  same  cross-fertilization  that  is  required  by  the  Smyrna 
itself  to  bring  the  fruit  to  maturity.      (See  Fig.  13.)  ^ 
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These  small  Blastophaga  insects  have  never  been  introduced  into 
this  State ;  and  very  likely  would  not  survive  the  first  winter  if  they 
were  brought  here.  Furthermore,  since  the  Smyrna  figs  can  not  be 
grown  successfully  here  there  is  little  need  for  these  insects. 

These  seedling  figs,  as  a  rule,  are  absolutely  useless  so  far  as  the 
fruit  is  concerned;  and  in  this  State  should  be  destroyed  at  once 
unless  wanted  for  shade. 

The  question  is  asked,  "Where  did  these  seedlings  come  from  V^ 
In  nearly  every  instance  they  have  been  found  near  outhouses,  or  on 
the  sites  of  former  outhouses,  where  the  seed  of  the  Smyrna  fig  had 
been  deposited  in  the  excreta. 


Fio.  13.— Longitudinal  Sections  of  Three  Types  of  Figs:  1.  Smyrna  Seedling  with  short  gall  and 
male  flowers.  2.  Smyrna  Seedling  with  long  female  flowers.  3.  Fig  with  interior  entirely 
filliHl  with  crumpled  mule  flowers.  Figs  with  flowers  like  1  and  2  drop  their  fruit  prema- 
turely and  are  worthless  In  this  State. 

In  a  few  instances  the  San  Pedro  fig  had  been  planted  which  also 
drops  practically  all  of  its  fruit  when  grown  in  the  Upper  South. 
The  second  or  main  crop  of  this  variety  has  female  flowers  like  the 
Smyrna  and  must  be  similarly  fertilized  to  ripen  its  fruit.  The 
first  crop  of  the  San  Pedro  bears  mule  flowers  and  the  fruit  develops 
without  fertilization,  but  this  crop  is  so  small  in  this  State  that  the 
variety  is  not  worth  planting. 

The  best  advice  which  can  be  given  regarding  these  figs  is  as  fol- 
lows :  Where  a  fig  tree  habitually  sheds  its  fruit  prematurely,  in  the 
Upper  South,  it  should  be  cut  down  without  delay ;  then  plant  a  tree 
of  Brown  Turkey  or  Celestial  in  its  place.  Do  not  plant  the  Smyrna, 
San  Pedro,  or  seedlings  of  aiw  variety.  ^^^^^^^^^ byGoOy ic 
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It  should  be  added  that  varieties  which  bear  mule  flowers  develop 
their  fruit  without  fertilization.  To  this  class  belong  the  only  varie- 
ties worth  cultivating  in  the  Upper  South;  such  as  Celestial,  Brown 
Turkey,  Ischia  White,  Peau  Dure,  and  many  others.  These  will 
sometimes  shed  some  of  their  fruit  prematurely,  but  such  sheddinir 
is  always  due  to  bad  environment,  and  not  to  the  lack  of  fertilization 
of  the  flowers.  By  proper  cultural  treatment  such  dropping  can  be 
entirely  prevented. 

When  in  doubt  as  to  what  class  your  fig  belongs  to  or  ^hat  variety 
to  plart,  write  to  this  Experiment  Station  for  advice. 
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Visitors  are  at  all  times  cordially  invited  to  inspect  the  work  of  the  Station,  the 
office  of  which  is  in  the  new  Agricultural  Building  of  the  College. 
Address  all  communications  to 

N.  C.  AGRICULTURAL  EXPERIMENT  STATION, 

West  Raleigh,  N.  C. 
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North  CABOLmA  Aohicultubal  Expebiment  Station, 

Office  of  the  Dibectob. 

West  Raleigh,  N.  C,  June  30,  1911. 

To  His  Excellency,  William  W.  Kitchin, 

Governor  of  North  Carolina. 

Sra: — I  have  the  honor  to  submit  herewith  the  report  of  the  opera- 
tions of  the  North  Carolina  Agricultural  Experiment  Station  of  the 
North  Carolina  College  of  Agriculture  and  Mechanic  Arts  for  the  year 
ending  June  30,  1911. 
^     Trusting  that  this  report  will  prove  satisfactory  to  your  Excellency, 

I  am.  Yours  very  truly, 

I  *  C.  B.  Williams, 

Director, 
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THIRTY-FOURTH  ANNUAL  REPORT 

of  the  Director  of  the 

N.  C.  AGRICULTURAL  EXPERIMENT  STATION 

for  the  Year  Ending  June  3d,  1911 


By  the  Dibectob. 

During  the  year  marked  improvement  has  taken  place  in  the  develop- 
ment of  the  work  of  the  Station.  Many  new  lines  of  investigation  have 
been  inaugurated  and  some  old  ones  have  either  been  completed  or  work 
on  them  enlarged  by  further  study.  The  character  and  value  of  the 
work  that  is  being  carried  on  by  the  Station  may  be  gathered  from  the 
resume  of  the  several  divisions  given  below.  This  is  made  up  from  the 
reports  pf  the  different  workers  and  from  the  personal  observations  of 
the  Director. 

DIVISION   OF  AOBONOMT. 

The  workers  of  tliis  Division  have  devoted  most  of  their  time  during 
the  year  to  a  continuation  of  the  com  suckers  and  soil  fertility  investiga- 
tions.   Much  data  has  been  secured  on  both  of  these  projects,  which  will 
\ye  put  in  shape  for  publication  shortly.     While  in  1910  in  the  com 
suckers  investigations  something  like  sixty  different  varieties  of  corn 
were  used,  in  1911  the  work  will  be  confined  to  a  study  of  ten  varieties 
selected  with  reference  to  their  different  types  and  their  yielding  powers. 
By  this  means  a  larger  acreage  can  be  devoted  to  each  variety  and 
more  space  given  over  to  the  suckers  tests  under  different  degrees  of 
fertility  of  the  soil  and  to  the  various  spacing  of  plants  in  the  rows.    As 
a  result  of  tests  for  three  years  it  has  been  demonstrated  that  the  pro- 
duction of  suckers,  although  to  a  certain  extent  a  varietal  characteristic, 
is  governed  largely  by  the  supply  of  available  fertility  of  the  soil.   Other 
things  being  equal,  the  richer  the  soil  the  larger  and  more  complete  the 
development  of  these  with  all  varieties.     On  good  land  the  removal  of 
suckers  at  the  ordinary  time  tended  generally  during  the  past  three  years 
to  a  smaller  yield  of  grain  and  stover  than  from  those  plats  of  the  same 
varieties  where  they  were  allowed  to  remain  and  develop  to  maturity. 
On  the  more  fertile  plats  the  suckers  have,  in  many  instances,  equalled 
that  of  the  main  stalks  in  size  and  in  production  of  grain  and  stover. 
The  Soil  Fertility  investigations  are  being  conducted  with  com  and 
oottoli  along  the  same  general  lines  as  reported  last  year.    In  all,  88  plats 
are*  in  use  in  these  investigations.     To  supplement  this  work  miscellan- 
eous fertilizer  experiments  are  also  being  carried  on  in  more  detail 
with  corn  and  cotton  to  determine  the  relative  value  of  different  carriers 
of  phosphoric  acid  and  nitrogen  for  the«ie  crops  when  planted  on  a  clay 
loam  soil  under  ordinary  conditions.     There  are  used  in  these  experi- 
ments, with  cotton,   twelve  plats  for   different   nitrogenous  fertilizing 
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materials,  fourteen  for  basic  slag,  and  nine  each  for  finely  ground  phos- 
phate rock  and  Peruvian  guano ;  and  with  corn  thirteen  plats  for  nitro- 
gen carriers,  sixteen  for  basic  slag,  and  nine  for  finely  ground  phosphate 
rock.     On  the  main  fertilizer  plats  observations  are  being  made  to 
determine  the  effect  of  applications  of  stable  manure  on  all  the  plats  ai 
stated  intervals  upon  the  actual  and  relative  productivity  of  the  com 
and  cotton,  and  also  upon  the  bacterial  flora  of  the  plats,  especially  oc 
the  ones  which  have  heretofore  produced  the  minimum  and  maximuic 
yields.     In  the  study  of  different  varieties  of  different  crops  the  tests 
have  embraced  fifty-nine  of  corn,  thirty-nine  of  cotton,  fourteen  of 
wheat,  twenty-three  of  oats,  twenty-six  of  cowpeas,  twenty-one  of  soy- 
beans, eleven  of  adsuki  beans,  and  two  of  seta  beans.    In  the  com  tests 
Sanders*  Improved,  Biggs'  Seven-ear,  and  Hastings'  Prolific  have  stood 
best  on  an  average  in  yield  of  grain;  Toole's  Prolific,  Hope's  Mexican 
Big  Boll,  Culpepper's  Re-improved,  Pulnot,  and  Wilbur  Varieties  of  cot- 
ton were  the  leaders.   As  it  has  been  clearly  demonstrated  by  our  tests  of 
corn  that  the  relative  standing  of  the  different  varieties  is  greatly  modi- 
fied both  by  fertility  of  the  soil  and  the  distance  given  the  individual 
plants  of  the  several  varieties,  similar  experiments  have  been  started 
with  three  varieties  of  cotton  to  determine  the  effect  of  these  factors 
upon  the  relative  yields  of  this  crop.    Results  thus  far  secured  with  com 
have  indicated  strongly  that  variety  tests  as  ordinarily  carried  on  and 
the  itesults  reported  do  not  generally  have  very  great  value  to  the  average 
farmer.    In  the  tests  of  varieties  of  wheat.  Purple  Straw,  Harvest  King. 
Golden  Chaff,  and  Red  May,  all  beardless  varieties,  have  shown  up  as 
best  yielders ;  while  with  fall  sown  oats,  Virginia  Gray  and  Appier  have 
shown  as  some  of  the  best  in  total  yield  of  grain  and  hay  per  acre.  Other 
oats  doing  fairly  well  are  the  Bancroft,  Big  Four,  Ohio  Winter,  Red 
Rust  Proof,  and  Czar  of  Russia.     The  Burt,  a  spring  oat,  has  many 
good  characteristics  in  its  favor,  they  being  fineness  of  straw  and  leaves 
and  ease  of  curing.     The  best  yielding  varieties  of  cowpeas  have  been 
Whippoorwill,   Small  Black,   Small   Black   Eye,    Groit,   and  Iron  in 
shelled  peas ;  and  Whippoorwill,  Southdown,  Black,  Brabham,  Iron,  Clay, 
and  Unknown  in  hay;  and  of  soy  beans.  Mammoth  Yellow,  Hollybrook. 
Haberlandt,  and  Jet  in  seed,  and  Morse,  Jet,  Haberlandt,  and  Mammoth 
Yellow  in  hay.     Of  the  varieties  tested  the  earliest  ones  in  date  of 
maturity  have  been  White's  Early  Prolific,  New  Era,  Early  Unknown. 
Small  Black,  Small  Black  Eye,  and  Large  Black  Eye  with  cowpeas;  and 
Jet,  Guelph,  Amherst,  Kingston,  Ebony,  and  Haberlandt  with  soy  beans. 
All  the  early  varieties  of  soy  beans  except  Ebony  are  unsuited  for  pick- 
ing, as  they  ripen  unevenly  and  shatter  badly  upon  becoming  ripe. 

With  adsuki  beans  promising  results  were  secured  during  the  past 
fall,  in  fact  the  yields  of  seed  per  acre  were  better  from  these  than  from 
cowpeas.  They  require  ordinarily  a  longer  time  for  maturity  than  cow- 
peas, but  a  less  number  of  days  than  soy  beans,  it  requiring  last  year 
less  than  one  hundred  days  from  planting  to  maturity.  The  results 
with  two  varieties  of  seta  beans  have  been  very  promising  as  the  plants 
have  grown  luxuriantly  and  fruited  fairly  well. 

During  the  past  two  years  cooperative  variety  experiments  with  com 
and  cotton  have  been  conducted  by  the  Station  ^i^fh^f  ^^^JW^  ^^^^' 
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ers  in  different  portions  of  the  State.  Very  striking  results  were  secured 
last  year  in  the  diffeient  sections  as  showing  the  adaptability  of  differ- 
ent varieties  for  different  soils.  Sanders'  Improved,  Biggs'  Seven-ear 
and  Weekley's  Improved  varieties  of  corn  and  Cook's  Improved,  Toole's 
Prolific,  Peterkin's  Improved,  King's  Improved,  Culpepper's  Improved, 
and  Excelsior  Prolific  varieties  of  cotton  proved  the  best  yielders  in  the 
hands  of  the  farmers  conducting  the  tests.  Up  to  the  time  this  work 
was  undertaken  very  little  field  work  out  in  the  State  had  been  done  in 
a  systematic  way  to  call  the  attention  of  our  farmers  to  varietal  adapta- 
tions of  different  crops  to  different  soils  and  sections  of  North  Carolina. 
Feeling  that  this  work,  when  carefully  carried  out,  would  be  of  great 
benefit  to  the  farmers,  considerable  time  has  been  spent  in  planning  and 
getting  it  started  in  the  best  manner  possible  under  the  conditions.  The 
Cooperative  Tillage  Experiments  with  the  Office  of  Farm  Management, 
Bureau  of  Plant  Industry,  started  last  year,  are  being  continued  this,  all 
being  planted  in  com  this  year  again  to  secure  basic  yields  during  two 
years  for  each  plat  before  attempting  a  study  of  the  effects  upon  the 
yields  of  different  crops  of  various  methods  of  preparation  and  cultiva- 
tion of  the  soil.  Two  hundred  and  sixteen  plats  have  been  laid  off  and 
plotted  for  this  particular  phase  of  work.  The  experiments  planned  to 
determine  the  value  of  grain  taken  from  different  portions  of  the  ear 
for  seed  purposes  have  shown  that  plants  produced  from  grains  from  the 
middle  of  ears  have  yielded  the  highest  amount  of  shelled  corn  per  acre. 

The  breeding  experiments  with  cotton  and  wheat  mentioned  in  the 
last  report  have  been  continued  during  the  year.  The  work  has  now 
progressed  to  that  point  at  which  the  progeny  from  some  of  the  crosses 
is  of  sufficient  amount  to  plant  a  sufficient  acreage  in  the  experimental 
grounds  given  over  to  the  variety  tests  to  compare  the  relative  value  of 
the  new  strains  as  yielders  in  comparison  with  established  and  well 
knovim  varieties  of  these  crops  being  tested. 

In  the  general  farming  operations  of  the  Station  cotton,  corn,  oats, 
wheat,  rye,  cowpeas,  clovers,  vetch,  soy  and  velvet  beans  are  being  grown 
and  during  the  year  a  systematic  crop  rotation  has  been  arranged  for 
the  whole  farm,  in  which  most  of  these  enter,  the  legumes  and  small 
cereals  as  cover  crops  at  as  frequent  intervals  as  practicable.  The  rota- 
tions are  so  planned  that  they  will  afford  field  data  of  considerable  prac- 
tical value. 

Outside  of  the  purely  experimental  work  this  Division  will  this  year 
have  under  its  charge  18  acres  in  cotton,  34  in  com,  32  in  oats,  about 
50  in  cowpeas,  and  a  few  in  soy  and  velvet  beans.  The  crop  production 
from  the  farm  was  larger  with  most  of  the  crops  during  the  fall  of  1910 
than  it  has  been  during  any  year  of  the  encumbency  of  the  present 
Director.  Much  new  equipment  in  the  way  of  mules,  a  horse,  wagons, 
single  and  double  disk  harrows,  riding  cultivators,  two-row  planters, 
grain  drills,  gang  and  other  plows,  has  been  added. 

DIVISION  OF  CHEMISTRY. 

During  the  year  most  of  the  time  of  workers  of  this  Division  has  been 
devoted  to  aiding  in  extending  and  carrying  on  work  in  connection  with 
the  Soil  Bacteriology  and  the  cottonseed  meal  toxicity  investigations. 
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For  the  latter  investigations  21  different  kinds  of  feed  have  been  pre- 
pared for  feeding  experimentally  to  193  rabbits.  •The  analytical  work 
in  connection  with  these  experiments  has  required  the  making  of  113 
determination  on  samples  of  cottonseed  meal  and  4  of  urine.  Guinea 
pigs  and  hogs  have  been  fed  Sea  Island  cotton  seed  and  meal,  and  hogs 
and  rabbits  varying  amounts  of  sodium  pyrophosphate.  Both  the  seed 
and  pyrophosphate  have  been  found  to  be  toxic  to  rabbits  when  fed  as 
much  as  a  grain  per  day,  but  with  eighty-pound  hogs  receiving  a  quan- 
tity equivalent  to  the  total  phosphoric  acid  in  a  pound  of  cottonseed  meal 
per  day  mixed  with  three  pounds  of  red-dog  flour  they  have  made  sub- 
stantial gains  since  November  14,  when  they  were  started  on  the  feed,  up 
to  the  present  (May  24),  without  showing  any  ill  effect  from  the  pyro- 
phosphate. Residues  from  treatment  with  various  extractive  agents  on 
upland  cottonseed  meal  when  fed  have  all  been  found  to  kill  guinea  pigs, 
although  they  contained  inappreciable  quantities  of  pyrophosphate.  It 
is  expected  to  close  up  much  of  this  work  during  the  summer,  possibly 
before  the  end  of  the  fiscal  year. 

This  Division  has  cooperated  with  the  Bacteriological  Division  in 
activity  carrying  forward  the  studies  in  soil  bacteriology.  In  connec- 
tion with  the  Bacteriological  Soil  Survey  of  the  State,  nitrification  and 
denitrification  studies,  2,687  determinations  on  1,014  samples  were  made 
during  the  present  year.  Results  of  far-reaching  value  are  being  secured 
from  these  investigations. 

Because  of  the  seeming  unreliability  of  two  of  the  chemical  methods 
used  commonly  for  estimating  quantitatively  different  forms  of  nitro- 
gen, some  attention  has  been  devoted  by  the  Division  to  a  laboratory 
study  and  improvement  of  the  Tiemann-Schulze  method  for  determin- 
ing nitrogen  and  the  phenol-disulphonic  acid  method  for  nitrates. 

Other  chemical  work  has  been  done  by  this  Division  during  the  year 
on  experimental  fertilizing  samples  for  the  Agronomic  Division,  on 
reference  samples  for  the  A.  O.  A.  C,  and  on  a  few  miscellaneous 
samples  for  farmers.  Several  scientific  papers  embodying  some  of  the 
results  of  the  work  of  the  Division  have  been  prepared  and  published 
since  the  last  report. 

During  the  early  part  of  the  summer  the  Division  will  move  into  new 
and  commodious  quarters  on  the  third  floor  of  the  new  Engineering 
Building.  * 

DIVISION  OF  PLANT   PATHOLOGY  AND  BACTERIOLOGY. 

The  energies  of  this  Division  have  been  exerted  mainly  along  the  same 
general  lines  as  i)reviously  reported.  During  the  year,  the  experiments 
with  tobacco  to  secure  wilt  resistant  strains  have  been  greatly  enlarged 
by  entering  into  cooperative  relations  with  the  National  Bureau  of 
Plant  Industry.  Xew  work  has  been  started  in  a  badly  vFilt-infected 
field  near  Creedmoor,  and  also  with  some  of  the  same  soil  placed  in 
cylinders  settled  in  the  ground  at  the  Station  farm  and  at  Creedmoor. 
In  all  93  cylinders  (2  feet  by  2J^  feet)  are  in  use,  73  at  West  Raleigh 
and  20  at  Creedmoor.  The  experiments  embrace  a  study  of  different 
treatments  of  soils  to  determine  the  effect  of  each  upon  the  development 
of  the  parasite   responsible  for  this   disease.     Soil  disinfectants,  acid 
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and  neutral  chemicals,  different  rotative  systems  and  bacterial  cultures 
are  being  used  in  the  investigations.  A  study  of  the  value  and  wilt 
resistance  of  selections  from  the  strains  of  previous  years  has  been  con- 
tinued. The  work  on  lettuce  sclerotiniose  has  been  carried  on  with  quite 
satisfactory  results.  The  Station  lettuce  beds  in  which  45  per  cent  of 
the  plants  were  rendered  unfit  for  market  purposes  in  1909  by  the  rav- 
ages of  this  disease  have  been  rid  of  it  through  systematic  treatment, 
based  upon  life  history  studies,  to  such  an  extent  that  in  the  springs  of 
1910  and  1911  less  than  one-half  of  one  per  cent  of  the  plants  in  the  beds 
became  affected.  The  method  is  so  simple  and  inexpensive  relatively, 
that  it  would  seem  to  be  of  the  highest  practical  value.  The  results  of 
these  experiments  have  been  brought  together  in  bulletin  form  for  publi- 
cation. 

The  breeding  experiments  with  watermelons  that  have  been  conducted 
<luring  the  past  two  or  three  years  at  Auburn  cooperatively  with  the 
Bureau  of  Plant  Industry  have  been  continued  during  the  year.  Greater 
resistance  of  plants  and  higher  commercial  and  edible  qualities  of  melons 
have  been  secured  than  heretofore.  During  the  year  the  apple  canker, 
okra  wilt,  and  a  buckwheat  disease  have  been  studied  particularly.  All 
these  diseases  are  of  a  serious  nature  and  any  information  secured  with 
reference  to  their  life-history  development  will  be  found  useful  in  work- 
ing out  means  of  eradication  or  control.  A  larger  portion  of  the  time  of 
this  Division,  however,  has  been  devoted  to  a  continuation  of  the  studies 
on  nitrification.  In  a  bacteriological  soil  survey  of  the  State  much  data 
has  been  secured  on  the  nitrifying  and  ammonifying  powers  of  North 
Carolina  soils  and  the  relation  these  sustain  to  soil  fertility. 

ftmall  control  plats  with  different  crops  are  being  used  to  study  the 
relative  value  of  nitrate  and  ammoniacal  nitrogen.  Experiments  are 
also  in  progress  to  determine  the  effects  of  the  presence  of  various  species 
of  bacteria  on  the  activity  of  nitrifying  bacteria. 

The  studies  on  denitrification  in  the  soil  have  been  enlarged  and  con- 
tinued during  the  year,  especially  those  with  reference  to  the  danger  of 
loss  of  nitrates  in  the  presence  of  large  quantities  of  organic  matter  in 
the  soil.  Some  of  the  plats  used  by  the  Division  of  Agronomy  in  its 
soil  fertility  work  are  being  studied  bacteriologically  by  this  Division ; 
especially  with  the  ones  producing  the  highest  and  the  smallest  yields  of 
cotton  and  com  per  acre. 

DIVISION    OF   POULTRY    HUSBANDRY. 

The  main  work  of  this  Division  has  consisted  chiefly  in  conducting 
various  feeding  experiments,  carried  on  in  duplicate  under  different 
yarding  conditions,  and  incubation  work  in  connection  with  these.  Of 
this  work,  most  of  it  has  been  embraced  in  two  series  of  four  pens  each. 
The  corresponding  pens  in  the  two  series  having  been  fed  the  same 
feed  or  a  mixture  of  feeds,  hence  the  differences  shown  between  the  series, 
each  taken  as  a  whole,  would  be  due  to  yarding  conditions.  Fowls  in 
Series  I  were  enclosed  in  yards  set  in  Bermuda  grass  and  were  less  than 
one-fifth  the  size  of  those  used  in  Series  IT,  which  were  seeded  in  oats 
during  the  early  fall,  about  two  months  before  the  experiment  began. 
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The  feeds  used  in  the  corresponding  lots  were  whole  com  alone;  whole 
wheat  alone;  equal  parts  of  whole  com  and  wheat,  with  a  mash  made 
up  equally  by  weight  of  corn  meal,  wheat  bran,  and  cottonseed  meal: 
and  equal  parts  of  whole  com  and  wheat,  with  a  mash  of  equal  weight  of 
corn  meal,  wheat  bran,  and  an  equal  part  of  a  mixture  equally  of  bone 
and  meat  meal.  In  each  pen  were  ten  females  and  one  male  bird 
Monthly  weighings  have  been  made  of  all  individuals  and  a  record  kept 
of  the  eggs  laid  and  feed  consumed  by  each  lot  in  both  series  of  experi- 
ments with  the  two  series.  The  larger  and  cheaper  egg  production  this 
winter  and  spring  has  been  secured  by  those  fowls  running  on  growing 
oats,  while  with  the  feeds,  the  mixture  containing  the  meat  and  bone 
meal  has  been  shown  to  be  most  economical  in  both  series.  The  eggs 
from  each  of  the  pens  in  both  series  have  been  incubated  separately  and 
records  kept  of  the  hatchability  and  viability  of  chicks  from  each  lot 
It  is  proposed  to  put  a  portion  of  the  progeny  from  hens  in  the  diflFerent 
lots  back  under  the  respective  yarding  conditions  and  feeds  next  winter 
and  spring,  in  order  to  determine  the  effects  of  these  upon  the  progeny 
from  year  to  year. 

During  the  summer  it  is  proposed  to  continue  the  feeding  experi- 
ments with  skimmilk  in  the  same  general  way  as  conducted  last  summer. 
During  the  year  there  has  been  considerable  demand  upon  the  time  of 
the  Poultryman  in  the  way  of  correspondence  on  poultry  matters  and 
lecture  work  at  Farmers'  Institutes,  Short  Courses,  Girls*  Poultry  Clubs, 
and  other  meetings. 

A  bulletin  on  the  "Feeding  and  Management  of  Poultry  for  Egg  Pro- 
duction" has  been  prepared  by  the  head  of  this  Division  and  published 
during  the  year. 

In  all  the  work  of  the  Division  an  effort  has  been  made  to  study  and 
emphasize  the  useful  market  qualities  of  birds  and  minimize  the  mere 
show  qualities. 

DIVISION   OF   HORTICULTURE. 

The  efforts  of  this  Division  have  been  confined  largely  during  the  year 
to  work  in  connection  with  the  investigations  on  double  flower  and  self- 
sterility  of  blackberries,  dewberries,  and  muscadine  grapes.  In  the 
double  flower  studies  the  resistance  of  different  varieties  of  blackberries 
and  dewberries  to  this  trouble  has  been  determined.  The  effects  of  dif- 
ferent methods  of  pruning,  spraying  with  Bordeaux  mixture  is  being 
studied  in  the  field.  An  effort  was  made  to  determine  the  relation,  if 
any,  the  premature  dropping  of  the  leaves  by  the  presence  of  leaf  spot 
and  anthracnose  as  well  as  attack  of  aphids  had  on  the  development  of 
this  abnormal  growth.  In  the  laboratory  work  was  conducted  designed 
to  work  out  the  life  history  of  any  fungus  that  is  present  and  mighf 
cause  the  double  flower.  These  studies  have  led  to  the  isolation  and 
identification  of  the  causal  fungus  as  one  of  the  Fusariums.  Certain 
phases  of  this  work  will  be  continued  during  the  year. 

The  self-sterility  investigations  with  blackberries  and  dewberries  have 
developed  along  the  same  general  lines  as  previously  reported,  and  the 
results  of  work  of  the  year  have,  in  a  general  way,  confirmed  those  of 
previous  years.     Considerable  time  has  been  devoted  to  a  determination 
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by  field  and  laboratory  methods  of  the  self-sterility  and  self-fertility 
varieties  of  these  as  well  as  ascertaining  whether  self-sterile  varieties 
produce  pollen  suitable  for  pollinating  other  self-sterile  varieties.  In  all 
cases  the  pollen  from  self-sterile  varieties  has  been  found  to  be  active 
and  will  pollinate  the  ovules  of  other  self-sterile  varieties.  Of  the  four- 
teen varieties  of  dewberries  and  twenty-three  varieties  of  blackberries 
under  experiment,  eight  of  the  former  and  two  of  the  latter  have  been 
shown  to  be  self-sterile.  Four  or  five  of  dewberries  and  twenty-one  of 
blackberries  are  self -fertile. 

During  the  year  self -sterility  studies  have  been  carried  on  also  with 
ten  species  of  muscadine  grapes,  the  major  portion  of  the  work  having 
been  with  the  Scuppemong,  Mish,  James,  Thomas,  and  Flowers.  Work 
thus  far  has  indicated  that  all  cultivated  species  of  the  muscadine  group 
are  unable  to  set  fruit  unless  pollen  from  a  male  vine  of  the  same  species 
is  provided  at  the  proper  time,  as  their  pollen  is  sterile.  One  wild  vine, 
however,  has  been  found  near  the  Station  farm  that  appears  to  bear  self- 
fertile  flowers.  A  microscopic  study  of  the  pollen  from  many  cultivated 
and  wild  vines  has  been  made,  to  determine  if  any  light  can  be  shed  on 
this  important  matter. 

During  the  progress  of  this  experiment  many  hybrids  have  been  pro- 
duced. These  are  being  used  in  working  out  the  laws  that  operate  in 
.  the  production  of  different  species  of  the  muscadine  family  with  differ- 
ent colored  fruit.  Many  hundred  seedlings,  as  a  result  of  last  year's 
crosses,  are  under  observation  in  the  nursery  row  and  greenhouse.  Self- 
sterility  and  self -fertility  studies  have  also  been  started  with  native  and 
Japanese  varieties  of  persimmon. 

During  the  year  a  bulletin  on  the  "Self-sterility  of  the  Scuppemong 
and  Other  Muscadine  Grapes"  has  been  prepared  by  the  Division  and 
published. 

DIVISION  OF  ANIMAL  HUSBANDRY. 

The  time  of  this  Division  has  been  taken  up  largely  with  work  in 
connection  with  the  cottonseed  meal  toxicity  investigations  which  are 
being  conducted  jointly  with  the  Chemical,  Animal  Pathological,  and 
Veterinary  Divisions.  Although  most  of  the  work  is  being  carried  on 
with  rabbits  and  guinea  pigs,  twenty-four  hogs  have  been  fed  experi- 
mentally during  the  year  in  furtherance  of  this  investigation.  A  com- 
parison has  been  made  of  the  relative  toxicity  of  Sea  Island  and  ordi- 
nary upland  cottonseed  meal,  with  results  indicating  the  former  to  be 
equally  as  harmful  when  fed  to  swine  for  prolonged  periods  as  is  the 
latter.  Many  extracts  and  residues  of  the  meal  have  been  fed  to  hogs, 
rabbits  and  guinea  pigs  under  control.  To  hogs  weighing  100  to  125 
pounds  the  amount  of  meal  fed  has  varied  from  1  to  1^  pounds  per  day. 
On  May  1  experiments  were  started  with  young  pigs  to  see  if  immunity 
to  the  toxicity  of  cottonseed  meal  could  be  established  by  feeding  the 
meal  in  very  small  quantities  while  the  pigs  are  young  and  gradually 
increasing  the  feed  as  they  grow  older. 

Feeding  experiments  with  cottonseed  meal  to  farm-work  stock  have 
been  finished  during  the  year  and  put  in  form  for  publication.  The  re- 
sults of  these  experiments  show  that  one  pound  of  meal  may  generally 
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be  substituted  for  1.^  pouuds  of  com  in  a  ration  for  mules  and  horses, 
but  that  the  meal  should  never  be  more  than  12  to  15  per  cent  of  the 
ration.  In  experiments,  where  such  substitutions  have  been  made, 
while  the  general  health  of  the  animals  has  been  good  and  the  working 
efficiency  normal,  there  was  no  saving  generally  in  the  cost  of  the  ration 
considering  the  prevailing  prices  of  these  feeds.  During  the  past  two 
winters  car  load  lots  of  steers  have  been  fed  experimentally  to  determine 
the  relative  value  of  cottonseed  hulls,  corn-stover,  silage  and  a  mixture 
of  the  last  two  roughages  with  large  quantities  of  cottonseed  meal  as  the 
sole  concentrate  for  finishing  beef  cattle.  Considering  the  prevailing 
prices  of  these  roughages  in  this  section.it  was  found  as  an  average  of 
two  years  results  that  the  cheapest  gains  were  made  by  the  steers  fed  on 
corn  silage  as  the  roughage,  and  cottonseed  hulls  stood  next.  Those  lot- 
fed  on  com  silage  alone  and  a  mixture  of  silage  and  stover  dressed  out 
about  2  per  cent  higher  each  than  those  receiving  cottonseed  hulls  as  the 
roughage.  The  grazing  experiments  with  hogs  on  a  succession  of  green 
crops  have  been  enlarged  and  continued  during  the  year.  Beginning  in 
the  early  wint-er  with  fall-soAvn  oats  or  rye,  spring-sown  oats  and  Canada 
field  peas  and  rape  alone  or  with  early  spring-sown  oats  for  late  spring, 
followed  by  cowpeas  or  soja  beans,  and  later,  peanuts  or  sweet  potatoes, 
a  succession  of  crops  is  provided  for  the  hogs  throughout  the  entire  year. 

The  swine-grading  experiments  are  being  continued  along  the  same 
general  lines  as  previously  reported.  During  the  year  several  pure-bred 
Berkshire  hogs  and  Shropshire  sheep  have  been  secured  by  purchase. 

In  addition  to  the  bulletin  mentioned  above  this  Division  has  prepared 
another  one  on  "Selection  and  Feeding  of  Beef  Cattle."  Some  additions 
have  been  made  to  the  equipment  of  the  Division  which  will  add  ma- 
terially to  its  working  efficiency. 

DIVISION  OF  DAIRY  HUSBANDRY. 

During  the  latter  part  of  last  year  the  Station  lost  its  Dairy  Hus- 
bandman through  resignation.  The  present  encumbent  assumed  his 
duties  on  September  1  last.  He,  after  familiarizing  himself  with  the 
previous  work  of  the  Station  along  dairy  lines,  planned  and  started  some 
cottonseed  meal  feeding  experiments  with  heifers  and  young  calves  to 
determine  its  effect  upon  their  health  and  general  development.  Twelve 
heifers,  ranging  in  age  from  5  to  10  months,  were  selected  for  the  work 
and  divided  int^  two  lotfl  of  approximately  equal  age  and  size.  These 
lots  were  fed  mixtures  of  equal  parts  of  com  meal,  oats,  and  wheat  bran, 
and  equal  parts  of  cottonseed  meal,  oats,  and  wheat  bran,  respectively. 
Both  lots  were  fed  the  same  roughage,  consisting  of  a  mixture  of  com 
silage  and  hay.  Heifers  which  \vere  ten  months  of  age  have  been  able 
to  handle  the  ration  containing  cottonseed  meal  to  the  extent  of  one 
pound  per  day,  but  those  ranging  from  five  to  seven  months  old  have 
either  lost  or  made  practically  no  gains.  The  lot  fed  on  the  coni-oat- 
bran  ration  are  thrifty  and  have  made  rapid  gains.  Observations  are 
being  made  to  determine  the  actual  cost  of  raising  heifers  on  different 
feeds  and  combinations  from  birth  to  the  time  they  come  into  milk. 
Skimmilk  will  constitute  tlie  basis  of  the  ratio^'*'f^i^y|rhe  first  fourteen 


N.    C.    AGRICULTURAL   EXPERIMENT    STATION.  13 

weeks.  Linseed  meal,  Schumaeher  calf  meal  and  grain  consisting  of  a 
mixture  of  equal  parts  of  corn  meal,  oats  and  wheat  bran  will  be  com- 
bined with  the  milk  in  the  different  rations  to  determine  their  relative 
cheapness  as  feeds  for  young  stock.  Other  feeding  experiments  with 
Bovita  and  other  cottonseed  meal  and  hull  mixtures,  using  the  dairy 
herd  of  the  college,  were  started  during  the  latter  part  of  May.  A  bul- 
letin by  the  Dairy  Husbandman  on  the  feeding  and  management  of  the 
dairy  herd  will  be  finished  for  publication  about  the  middle  of  June.  In 
all  the  experimental  work  of  this  Division  the  college  dairy  herd,  consist- 
ing of  about  sixty  animals,  has  been  used. 

DIVISION  OF  ENTOMOLOGY. 

The  Entomologist  was  concerned  during  the  fall  principally  with  a 
study  of  the  habits  and  life  history  of  two  melon  worms.  The  work  was 
conducted  chiefly  at  West  Raleigh  and  in  the  cantaloupe  growing  sections 
of  Robeson,  Scotland,  and  Columbus  counties.  Results  thus  far  secured 
show  that  ordinarily  the  early  crop  of  cantaloupes  is  affected  but  little 
by  these  pests,  and  that  late  sowings  may  be  grown  without  much  injury, 
if  summer  squash  is  used  properly  as  a  trap  plant.  The  results  of  the 
investigations  indicate  that  cantaloupe  growers  must  depend  largely 
upon  early  crops,  proper  cultural  methods,  rotation  of  crops  and  the  use 
of  trap  plants. 

One  of  the  species  of  melon  worms  studied  does  not  seem  to  make  its 
appearance  in  the  fields  in  injurious  numbers  in  North  Carolina  until 
after  the  maturity  of  the  cantaloupe  crop.  This  species  is  also  rendered 
of  slight  economic  importance  by  its  parasitic  enemies. 

The  com  bill  bug  has  been  reported  in  damaging  numbers  from  many 
of  the  coastal  plain  counties  during  the  year.  Three  species  of  this  bug 
have  been  taken  during  the  year,  one  of  which  has  done  practically  all 
the  damage  to  the  crops. 

During  the  fall  some  preliminary  life  history  studies  were  carried  on 
with  this  pest,  and  this  work  will  employ  the  Entomologist  chiefly 
during  the  spring,  summer  and  fall  of  1911.  A  study  will  be  made  of 
habits,  food  plants,  hibernation,  generations,  and  activities  of  this  pest. 
Work  of  the  Entomologist  so  far  has  shown  that  the  bill  bugs  breed  in 
young  corn  and  in  certain  species  of  grass  growing  in  lowlands. 

Observations  on  bill  bugs  under  control  indicate  that  they  hibernate 
in  the  soil.  The  Entomologist  has  made  general  notes  and  observations 
on  other  injurious  insects  occurring  in  the  State.  Many  specimens  have 
been  collected  and  preserved.  A  bulletin  on  "Two  Important  Canta- 
loupe Pests"  has  been  prepared  during  the  year  by  this  Division  and 
published.  In  this  bulletin  are  embodied  many  of  the  observations  and 
results  secured  in  the  investigations  that  are  being  carried  on  with 
melon  worms. 

DIVISION    OF   VETERINARY    SCIENCE. 

As  in  previous  years,  the  major  part  of  the  work  of  this  Division  has 
been  expended  in  a  furtherance  of  the  investigations  that  are  being  con- 
ducted by  the  Station  to  determine  the  cause  or  causes  for  the  fatal 
results  usually  following  the  feeding  of  cottonseed  meal  to  swine  beyond 
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a  certain  quantity  and  period.  The  Veterinarian,  during  the  year,  has 
aided  in  conducting  autopsies  on  more  than  sixty  animals.  He  ha? 
found  that  the  characteristic  antemortem  symptoms  of  cottonseed  meal 
poisoning  has  developed  in  hogs  in  from  6  to  20  weeks,  the  length  of 
the  time  before  their  appearance  being  governed  by  many  factors,  such 
as  age  and  individuality  of  animals  and  amount  of  meal  fed  per  day  as 
well  as  methods  of  feeding.  In  all  cases  with  hogs  after  a  time  of  feed- 
ing with  cottonseed  meal  the  feces  become  hard  and  compact. 

On  October  6  a  calf  and  pig  weighing  175  and  95  pounds  respeetivelv 
were  started  on  a  feed  of  cottonseed  meal,  each  receiving  1  per  cent  of  his 
body  weight  of  meal  per  day.  This  was  continued  until  February  10, 
when  the  feed  of  meal  was  increased  to  1^  per  cent  of  original  body 
weight;  and  on  April  20  the  ration  to  the  calf  was  increased  to  2  per 
.  cent,  but  the  pig  has  remained  on  a  feed  of  1^  per  cent  of  weight  as  he 
has  refused  to  eat  a  larger  amount.  Although  the  pig  and  calf  have 
made  fairly  good  gains  (up  to  May  25),  they  do  not  present  a  thriftv 
appearance. 

The  ante-mortem  observations  and  autopsic  revelations  have  coin- 
cided with  those  of  the  previous  year,  in  the  cottonseed  meal  investiga- 
tions. The  Veterinarian  has  had,  during  the  year,  an  increased  num- 
ber of  enquiries  with  reference  to  the  diagnosis  and  treatment  of  various 
animal  diseases. 

DIVISION    OF   ANIMAL    PATHOLOGY. 

This  Division  of  the  Station  was  created  a  year  ago  because  of  the 
urgency  for  more  pathological  work  at  the  time  in  connection  with  ihe 
cottonseed  meal  feeding  investigations  with  swine,  rabbits  and  guinea 
pigs.  On  September  1  the  new  Pathologist  entered  upon  his  duties  and 
during  the  year  practically  all  his  Station  time  has  been  taken  up  with 
work  on  the  cottonseed  meal  project.  The  Animal  Pathologist  has  been 
especially  helpful  in  putting  the  experiments  in  better  shape.  The  stock 
room  and  caging  of  the  small  animals  used  in  the  investigations  have 
been  greatly  improved.  The  old  quarters  and  system  of  caging  were 
found  unsatisfactory.  New  cages  have  been  provided  and  a  special  room 
for  the  animals  has  been  secured  on  the  third  floor  of  the  new  Engi- 
neering Building,  near  the  new  quarters  provided  for  the  Chemical 
Division  of  the  College  and  Station. 

The  Pathologist  is  now  making  detailed  daily  observations  oii  all  ani- 
mals used  in  the  experiments.  An  effort  is  being  made  to  determine  the 
exact  pathological  changes  that  take  place  in  the  various  organs  and 
tissues  of  animals  dying  of  cottonseed  meal  poisoning.  Experiments 
have  been  started  to  determine  if  the  small  animals  used  in  the  investiga- 
tions can  be  fed  in  such  a  way  and  manner  as  to  become  immune  to  the 
harmful  effect  of  the  meal  feeding.  It  has  been  planned  to  make  a 
chemical  and  microscopic  study  of  the  blood  of  all  animals  succumbing 
to  the  effects  of  the  meal,  and  to  ascertain  if  auto-intoxication  is  pro- 
duced. Various  feeds,  extracts,  residues,  etc.,  have  been  fed  during  the 
'•ear,  both  forced  and  naturally.     Specimens  af^'^'^reserved   from  all 

topsies  for  histological  studies. 
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The  Pathologist  has  devoted  some  extra  time  to  fowl  cholera  studies, 
especially  on  vaccination  against  this  disease.  The  results  have  been 
encouraging. 

NEW  BUILDING  AND  EQUIPMENT. 

Commodious  and  well  lighted  quarters  have  been  provided  by  the 
College  for  the  Station  laboratories,  store-rooms  and  offices  of  the  Chem- 
ical Division  on  the  third  floor  of  the  new  Engineering  Building.  This 
will  be  occupied  as  soon  as  the  necessary  plumbing,  and  carpenter  work 
is  completed.  New  and  better  laboratory  apparatus  has  been  secured 
during  the  year  by  all  the  Divisions  having  laboratories.  The  farm 
equipment  has  been  materially  improved  and  increased  through  pur- 
chase. 

BULLETINS. 

Bulletins  have  been  issued  during  the  year  as  follows : 

Xo.  209. — Self-sterility  of  the  Scuppernong  and  Other  Muscadine 
Grapes,  by  F.  C.  Reimer  and  L.  E.  Detjen. 

No.  210. — Improved  Methods  for  Making  Cottage  and  Neufchatel 
Cheese,  by  John  Michels. 

Xo.  211. — Feeding  and  Management  of  Poultry  for  Egg  Production, 
by  J.  S.  Jeffrey. 

No.  212. — Prevention  of  Oat  and  Wheat  Smut,  by  F.  L.  Stevens. 

No.  213. — Feeding  Experiments  with  Cows  and  Calves,  by  John 
Michels. 

No.  214. — Two  Important  Cantaloupe  Pests,  by  R.  I.  Smith. 

No.  215. — Cottonseed  Meal  Feeding  Experiments  with  Mules  and 
Horses,  by  R.  S.  Curtis. 

No.  216. — Feeding  Cottonseed  Meal  to  Draft  Animals,  by  R.  S. 
Curtis. 

No.  22  (Press  Bulletin).— Use  of  Lime  on  the  Farm,  by  C.  B.  Wil- 
liams. 

No.  23  (Press  Bulletin). — How  to  Suppress  Houseflies,  by  R.  I. 
Smith. 
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REPORT  OF  DIVISION  OF  AGRONOMY. 

The  following  statement  reports  the  work  of  the  Department  of 
Agronomy  for  the  year  ending  June  30,  1911,  giving  the  general  prog- 
ress of  the  field  experiments  and  their  present  condition. 

VARIETY  TESTING. 

Com. — The  usual  variety  test  of  corn  was  continued  this  year  and 
embraced  59  varieties  in  connection  with  which  were  carried  on  the 
experiment  with  suckers.  From  the  part  of  the  experiment  concerned 
with  suckers  the  results  of  1910  are  generally  in  line  with  those  of  1908 
and  1909.  Field  counts,  measurements  and  weights  of  suckers  sprouted 
under  different  conditions  of  soil  fertility  show  conclusively  that  their 
production,  maintenance  and  development  depends  mainly  upon  the 
amount  of  plant  food  with  which  the  main  stalk  is  supplied.  On  soil 
made  very  rich  a  rank  growth  of  suckers  sprouted  and  reached  maturity, 
many  of  them  equalling  the  main  stalk  in  size  and  productiveness ;  while 
on  the  poor  soil  only  a  comparatively  insignificant  number  made  their 
appearance  and  among  these  there  was  rarely  any  development  beyond 
the  stage  of  being  merely  an  appendage  at  the  base  of  the  main  stalk. 

The  1910  results  as  to  the  relation  between  the  removal  of  suckers  and 
lessening  in  total  value  the  yield  are  partly  in  accord  with  those  of 
former  years.  On  rich  land  with  the  plants  distanced  30  inches  in  the 
row  there  was  a  considerable  loss  caused  by  removing  suckers,  but  on 
land  of  similar  fertility  with  plants  spaced  20  inches  in  the  row  there 
was  a  slight  gain  in  combined  value  of  grain  and  stover.  Among  the 
varieties  Sanders'  Improved,  Biggs'  Seven-ear,  and  Hasting^s  Prolific 
have  a  higher  average  rank  for  all  conditions  than  any  other  variety. 

Cotton. — The  1910  variety  test  of  cotton  carried  39  varieties.  Wilbur 
No.  1  and  Wilbur  No.  2,  tested  for  the  first  time,  made  a  very  good 
showing,  taking  first  and  second  place  in  combined  value  of  lint  and 
seed.  A  few  varieties  have  done  well  for  more  than  one  year.  Toole's 
Prolific,  Hope's  Mexican  Big  Boll,  Culpepper's  Re-improved,  Triumph, 
and  Pulnot  have  maintained  a  high  average  rank  through  two  and  three 
years  of  testing.  In  addition  to  the  comparison  of  varieties  with  respect 
to  their  actual  monetary  value,  an  intimate  and  detailed  study  is  being 
made  of  their  characteristics  with  the  hope  of  discovering  correlations 
between  yield  and  superiority  along  more  narrow  lines. 

Wheat. — The  variety  test  of  wheat  has  been  carried  though  five  years, 
1906-1911,  and  from  ten  to  fifteen  varieties  have  been  under  experi- 
ment each  year,  but  until  1910  the  department  did  not  possess  the 
threshing  equipment  necessary  to  secure  accurate  and  hence  reliable 
results  in  yield  of  threshed  grain.  The  threshing  had  been  previously 
done  by  hand,  a  very  crude  process  which  was  necessarily  accompanied 
by  considerable  inaccuracy.  With  the  purchase  of  a  small  threshing 
machine,  however,  for  the  experimental  wheat  and  oat  crops  of  1910  this 
liability  to  error  through  the  threshing  process  has  been  elminated,  and 
for  the  past  two  years  thoroughly  reliable  results  have  been  secured  in 
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j^elds  of  grain.  Among  the  fourteen  regular  varieties  tested  last  year 
the  three  hest  were  Purple  Straw,  Currell's  Prolific,  and  Red  May.  Pur- 
ple Straw,  notwithstanding  the  crude  method  of  threshing  to  which  the 
varieties  have  previously  been  subjected,  has  been  rather  consistently  at 
the  front,  standing  among  the  three  best  yielders  of  grain  three  years 
out  of  the  four,  and  ranking  well  above  the  average  in  the  other  year. 
Harvest  King,  Golden  Chaff,  and  Red  May  have  also  proven  to  be 
excellent  varieties  during  the  four  years  test.  The  test  for  1910-1911 
included  also  three  selections  from  the  plant  breeding  plats.  These 
strains  have  been  grown  from  individual  plant  selections  made  in  1908 
from  Leap's  Prolific,  GJolden  Chaff,  and  Tuscan  Island.  The  selections 
from  Leap's  Prolific  and  Golden  Chaff  appear  very  promising  in  the 
light  of  the  first  year's  test  as  they  not  only  exceeded  in  yield  of  grain 
the  parent  varieties,  but  also  stand  at  the  head  of  all  varieties  in  the 
test.  The  selected  strain  from  Leap's  Prolific  was  first  in  yield  of  grain 
and  that  from  Golden  Chaff  third. 

Oats, — The  work  with  oats  last  year  was  a  test  of  twenty-three  fall 
sown  varieties.  These  were  the  survivors  of  an  elimination  by  which 
less  worthy  varieties  fell  from  the  large  list  grown  from  1907  to  1909. 
Among  these  varieties  the  leaders  in  threshed  grain  for  the  past  season 
are  Red  Rust-proof,  Appier,  Burt,  Bancroft,  Virginia  Gray,  and  Cul- 
bersoir,  in  the  order  named.  For  purposes  other  than  yield  of  grains 
the  Burt  variety  has  many  good  points  over  all  others  tested.  It  has  a 
good  lead  over  any  variety  known  at  this  Station  for  earliness  of  ma- 
turity and  can  be  harvested  either  for  hay  or  grain  in  ample  time  for 
cowpeas  or  ensilage  corn.  It  is  also  a  much  better  variety  for  hay  than 
many  others,  having  a  taller,  finer  straw  which  is  easier  to  cure  and 
probably  more  cleanly  eaten  by  stock  than  the  coarser  stemmed  kinds. 

Peas  and  Beans. — In  1910  twenty-six  varieties  of  cowpeas,  twenty-one 
varieties  of  soy  beans,  eleven  varieties  of  Adsuki  beans,  and  two  varieties 
of  Seta  beans  were  tested  for  comparative  yields  and  to  afford  a  study 
of  varietal  characteristics.  As  it  was  possible  last  year  to  give  only  a 
small  area  to  each  variety  the  whole  of  each  plat  was  reserved  to  deter- 
mine yields  of  grain  instead  of  cutting  part  for  hay,  as  has  been  the 
custom.  Whippoorwill  was  again  at  the  top  in  production  of  shelled 
peas,  yielding  18.5  bushels  per  acre.  Blackeye  was  the  first  to  ripen 
fully,  although  New  Era  and  Early  Unknown  were  only  a  few  days 
later.  The  India  cowpea  appears  to  be  an  excellent  variety  for  hay.  It 
grows  luxuriantly,  holds  its  leaves  well  and  yields  with  considerable  pro- 
lificacy a  small-podded,  well  filled  fruit,  although  it  is  not  a  heavy 
yielder  of  shelled  peas.  The  India  cowpea  is  a  small-stemmed,  erect  to 
half-trailing  sort.  In  1910  Townsend,  Unknown,  and  Peerless  fruited 
very  poorly,  the  two  latter  varieties  being  nearly  barren. 

Among  the  varieties  of  soy  beans  in  1910  Hollybrook,  Haberlandt, 
and  Jet  were  in  the  lead,  22.9,  22.5,  and  19.5  bushels  per  acre.  Jet, 
Guelph,  Ebony,  Amherst,  Kingston,  and  Haberlandt  are  the  earliest 
maturing  varieties.  Mammoth  Yellow  is  a  better  variety  for  hay  than 
any  of  the  others.  Jet,  Amherst,  Kingston,  Haberlandt,  and  Guelph  do 
not  ripen  uniformly  and  on  this  account  it  is  practically  impossible  to 


18  THIBTY-FOUETH   ANNUAL   BEPOBT 

gather  all  their  seed  hecause  the  pods  that  are  more  forward  in  ripening 
split  and  shatter  their  seed  before  the  other  pods  mature.  These  varie- 
ties would  make  an  excellent  pasture  for  hogs.  They  grow  in  short, 
thick,  heavily  fruited  bunches,  and  if  planted  with  a  drill  or  broadcast 
would  make  a  very  heavy  yield  of  seed. 

The  Adsuki  beans  were  heavy  hay  yielders  in  1909,  but  produced  seed 
very  lightly  on  account  of  late  planting.  However,  in  1910  the  yield  of 
seed  greatly  increased  and  were  considerably  heavier  than  yields  of  the 
cowpea  varieties.  No.  17851  yielded  22.9  bushels  per  acre,  while  16791 
and  17847  gave  20.2  bushels  each.  Tho  seed  of  Adsuki  beans  matures 
in  about  95  days,  which  is  rather  later  than  cowpeas  and  considerablr 
earlier  than  soy  beans. 

Seta  beans,  Nos.  21291  and  18444,  would  have  been  splendid  yielders 
of  hay.  The  first  had  a  heavy  foliage  but  did  not  fruit  so  thickly  as 
the  second,  which,  although  of  lesser  growth,  was  luxuriantly  fruited. 

FERTILIZER  TESTINO. 

Main  Plats. — The  main  corn  and  cotton  plats  in  Soil  Fertility  Inves- 
tigations were  continued  during  the  past  year  under  a  slight  modifica- 
tion. 

The  1910  results  are  in  general  accord  with  those  of  former  years  for 
cotton,  but  are  somewhat  at  variance  with  previous  results  for  corn. 
With  cotton  the  heavier  applications  of  nitrogen  and  phosphoric  acid 
give  relatively  higher  returns  in  value  of  increase  over  the  cost  of  the 
fertilizer  than  do  the  normally  fertilized  plats,  or  those  receiving  less 
than  a  normal  application ;  but  with  com,  in  1910,  the  lighter  and  less 
expensive  applications  are  found  to  be  the  most  profitable.  In  fact  some 
of  the  formulas  giving  the  best  returns  are  those  in  which  the  expensive 
element  nitrogen  has  been  left  out  altogether  in  the  application  of  com- 
mercial fertilizer.  This  may  be  accounted  for  by  the  fact  that  nitrogen 
was  supplied  cheaply  and  sufficiently  in  the  stable  manure,  therefore  the 
least  expensive  application  of  fertilizer  which  supplied  enough  phos- 
phoric acid  and  potash  for  the  needs  of  the  crop  was  the  most  profitable. 

Eotation,  distance,  and  culture  tests  for  both  corn  and  cotton  have 
been  included  in  these  main  fertilizer  tests,  but  their  results  can  be 
stated  only  in  a  more  detailed  report  of  the  whole  experiment. 

Phosphate  Slag. — The  phosphate  slag  test  with  cotton  was  continued 
last  year  on  the  old  alfalfa  sod.  Heavy  applications  of  phosphoric  acid 
and  nitrogen  gave  increased  yields,  but  not  in  the  proportion  that  may 
be  expected  later  when  the  natural  fertility  of  the  soil,  due  to  a  good 
supply  of  organic  matter  from  the  alfalfa  stubble,  is  depleted.  It  is 
noticeable  in  the  results  of  this  year  that  lower  relative  yields  were  made 
by  plats  that  did  not  receive  an  application  of  potash  in  combination 
with  phosphoric  acid  and  nitrogen. 

In  the  slag  tests  with  corn  heavy  applications  of  phosphoric  acid  and 
nitrogen  generally  gave  increased  yields.  As  with  cotton,  however,  the 
phosphoric  acid  and  nitrogen  seem  to  give  better  results  when  combined 
with  potash  since  the  yields  resulting  from  increased  applications  of 
these  elements  are  very  often  relatively  lower  when  potash  is  not  sup- 
plied. 
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Phosphate  Rock. — The  usual  tests  of  ground  phosphate  rock  with  com 
and  cotton  were  carried  on  last  year.  From  the  com  tests  the  results 
indicate  that  while  increased  applications  of  phosphoric  acid  and  nitro- 
gen over  the  normal  formula  made  slightly  better  yields,  the  difference 
was  not  great  enough  to  justify  the  increase  from  an  economic  stand- 
point. With  cotton,  the  plats  receiving  an  application  of  stable  manure 
with  Phosphate  Bock  gave  higher  yields  than  the  plats  that  received 
their  nitrogen  in  the  form  of  dried  blood.  Two  tons  of  stable  manure 
per  acre  in  combination  with  160  pounds  of  phosphate  yielded  over  100 
pounds  more  lint  per  acre  than  did  204  pounds  of  phosphate  rock  in 
combination  with  144  pounds  of  dried  blood. 

Miscellaneous  Fertilizer  Test  mth  Com  and  Cotton. — This  test  is 
conducted  to  ascertain  the  fertilizing  value  of  the  various  new  fertilizing 
materials  that  are  being  put  on  the  market.  Under  test  last  year  were 
Solubilized  Organic  !N^itrogen,  Potash  Manure,  Beet  Befuse  Compound, 
and  Calcium  Cyanamid.  These  were  tested  in  comparison  with  the 
better  known  nitrogenous  materials.  Dried  Blood,  Sulphate  of  Ammonia, 
and  Nitrate  of  Soda.  In  production  of  shelled  corn  per  acre  Beet  Befuse 
Compound,  Sulphate  of  Ammonia,  Calcium  Cyanamid,  and  Potash  Ma- 
nure gave  better  results  than  Dried  Blood,  Solubilized  Organic  Nitrogen, 
and  Nitrate  of  Soda.  With  cotton  the  plats  receiving  an  application  of 
Nitrate  of  Soda,  Sulphate  of  Ammonia,  and  Dried  Blood  yielded  more 
lint  per  acre  than  any  of  those  treated  with  the  new  materials. 

Peruvian  Ouano. — Fertilizing  tests  with  Peruvian  Guano  alone  and 
in  combination  with  other  fertilizing  materials  were  continued  in  1910. 
An  application  of  Peruvian  Ouano  alone  at  the  rate  of  250  pounds  per 
acre  almost  doubled  the  yield  of  cotton  when  checked  against  a  plat 
receiving  no  fertilizer.  An  application  of  500  pounds  per  acre  produced 
more  cotton  by  about  one-fifth  than  the  application  of  250  pounds.  In 
combination  with  37  pounds  of  Kainit,  97  pounds  of  Acid  Phosphate, 
and  130  pounds  of  Nitrate  of  Soda  per  acre,  110  pounds  of  Peruvian 
Guano  more  than  doubled  the  yield  per  acre  of  the  plat  receiving  no 
fertilizer. 

Top  Dressing. — Top  dressing  experiments  with  Nitrate  of  Soda  and 
Sulphate  of  Ammonia  were  conducted  in  1910  on  wheat  and  com.  The 
application  of  both  these  materials  on  wheat  followed  a  spring  treatment 
of  200  pounds  of  Acid  Phosphate  and  25  pounds  of  Muriate  of  Potash 
per  acre.  The  difference  in  yield  between  plats  receiving  only  Acid 
Phosphate  and  Muriate  of  Potash  and  those  receiving  an  additional 
treatment  of  Nitrate  of  Soda  or  Sulphate  of  Ammonia  was  very  slight 
when  only  100  pounds  of  Sulphate  were  added.  However,  when  200 
pounds  of  either  Nitrate  or  Sulphate  were  applied  the  results  were  more 
marked,  with  Sulphate  of  Ammonia  causing  slightly  better  yields.  An 
application  of  Sulphate  of  Ammonia  on  com  at  the  rate  of  100  pounds 
per  acre,  June  27,  increased  the  yield  per  acre  by  between  four  and  five 
bushels  of  corn  and  three  hundred  pounds  of  stover. 

Variety-Distance. — This  test  has  been  conducted  with  cotton  since 
1908,  but  it  is  discontinued  in  1911  and  the  land  it  previously  occupied 
given  to  an  experiment  investigating  the  correlation  between  soil  fer- 
tility and  types  of  cotton.    Previous  to  1910  the  varieties  used  in  this 
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work  were  Culpepper's  Improved,  King's  Improved,  and  Columbia  Long 
Staple,  but  last  year  seed  of  only  Culpepper's  Improved  and  Cook's  Im- 
proved could  be  secured  in  sufficient  quantity  for  planting  the  test ;  there- 
fore, the  test  was  limited  to  a  comparison  under  different  distances  of 
planting  between  these  two  varieties.  The  relative  yields  of  these  two 
varieties  were  not  nearly  so  stable  as  has  been  the  case  with  the  three 
varieties  previously  grown.  At  15  inches  and  21  inches,  Cook's  Im- 
proved gave  the  best  yield;  but  at  12  inches,  18  inches,  and  24  inches, 
Culpepper's  Improved  was  the  better  yielder  of  the  two. 

Cooperative  Variety  Tests. — Cooperative  variety  testing  of  com  and 
cotton  was  begun  in  1910  and  gives  promise  of  developing  into  a  very 
interesting  and  beneficial  line  of  work.  Eight  varieties  of  com  and  seven 
varieties  of  cotton  were  selected  from  the  large  list  of  varieties  grown 
on  the  Station  farm  and  were  placed  with  county  demonstration  agents 
for  distribution  to  farmers  for  a  test.  Nine  tests  of  com  were  made  that 
may  be  considered  fairly  satisfactory  and  reliable. 

The  results  of  these  are  somewhat  remarkable  in  that  two  varie- 
ties, Sanders'  Improved  and  Biggs'  Seven-ear,  so  consistently  took  such 
a  high  stand  among  the  other  varieties  sent  from  the  Station  and  the 
native  varieties  which  were  usually  included  in  the  test.  In  four  tests 
Sanders'  Improved  stands  at  the  head  and  is  third,  fourth,  sixth,  and 
seventh  in  the  remaining  tests.  Biggs'  Seven-ear  is  thre«  times  a  leader, 
and  is  second  twice,  third  three  times,  and  fourth  once  in  the  nine  tests. 
The  results  from  tests  of  cotton  varieties  are  not  nearly  so  satisfactory 
as  are  those  from  corn.  Tested  only  four  times  the  results  are  not  suf- 
ficiently substantial  to  mark  any  variety  as  a  consistent  performer, 
although  Toole's  Prolific  and  Cook's  Improved  made  a  very  good 
showing. 

Cooperative  Tillage  Tests. — This  work  was  begun  in  1909  in  coopera- 
tion with  the  Office  of  Farm  Management  of  the  U.  S.  Department  of 
Agriculture.  Considerable  land  is  devoted  to  this  work  and  includes  144 
one-twentieth  acre  plats  located  in  the  Method  field  and  72  one-twen- 
tieth acre  plats  just  northeast  of  the  barn.  The  work  has  as  yet  only 
progressed  so  far  as  to  secure  basic  yields  to  be  used  as  checks  for  all 
the  plats  when  the  tillage  experiments  begin.  These  yields  have  been 
secured  with  both  corn  and  cotton  from  the  Method  field  and  with  com 
only  from  the  field  near  the  bam.  Two  years  results  in  growing  basic 
yields  in  the  Method  field  plats  show  a  considerable  variation  in  their 
relative  production  of  corn  and  cotton.  This  field  is  again  in  com  in 
1911. 

Planting  Seed  From  Various  Parts  of  the  Ear. — This  experiment, 
designed  to  study  the  effect  of  a  continued  seed  selection  from  certain 
parts  of  the  ear  upon  the  resulting  progeny,  has  been  in  progress  for 
three  years.  From  last  year's  crop,  the  third  successively  planted  from 
the  butts,  tips,  middles,  and  all  parts  of  the  ear,  the  tabulated  results 
show  that  ears  grown  from  seed  from  the  butt  and  tip  parts  of  the  ear 
have  a  decidedly  lower  percentage  of  grain  than  those  grown  on  the 
plats  planted  with  seed  from  the  middle  and  from  all  parts  of  the  ear. 
The  plat  planted  with  seed  from  the  middle  of  the  ear  produced  more 
shelled  com  but  not  so  much  stover  as  the  butt  and  all-grain  plats. 
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There  are  other  slight  differences  in  yield  and  characteristics,  but  they 
are  not  suflBciently  marked  to  be  considered  permanent. 

Stability  in  Weight  of  Seed  Cotton  After  Picking. — An  experiment 
was  designed  and  carried  out  in  1908  and  1909  to  learn  if  there  was  any 
loss  in  the  weight  of  seed  cotton  after  picking,  when  kept  stored  for 
some  time,  and  if  so,  whether  the  loss  occurred  from  the  seed  or  lint. 
Close  attention  was  also  given  to  the  lint  to  see  if  there  was  any  change 
in  its  length  or  tensile  strength.  As  the  experiment  was  conducted  rather 
superficially  during  these  two  years  no  very  substantial  results  were 
obtained.  It  was  not  carried  during  1910  on  account  of  lack  of  time, 
but  will  be  resumed  in  the  coming  fall  on  a  scale  broad  enough  to  sub- 
stantiate whatever  results  may  be  secured. 

PLANT    BREEDING. 

Seed  Selection  with  Cotton. — This  work  begun  with  cotton  in  1908 
includes  individual  plant  selections  made  from  the  general  crop  and 
variety  plats  of  that  year  for  length  of  staple,  earliness,  prolificacy,  size 
and  uniformity  of  bolls,  double  and  triple-boiled  plants,  and  for  com- 
binations of  some  of  these  characteristics.  The  selections  were  made 
with  the  idea  of  obtaining  improved  strains  of  the  parent  varieties  and 
to  secure  good  parent  stock  for  cross-breeding,  by  which  method  a  trial 
will  be  made  to  produce  new  and  desirable  varieties.  Some  very  fine 
plants  were  produced  in  1909  and  1910  from  the  selections,  and  enough 
seed  were  taken  from  them  for  a  trial  with  other  varieties  in  the  variety- 
test  of  1911.  Culpepper's  Improved,  the  variety  grown  in  the  main 
crop,  is  under  improvement  by  seed  selection.  In  the  breeding  plat  of 
this  year  enough  seed  will  be  growYi  to  plant  several  acres  in  the  main 
crop  of  1912.  Several  crosses  were  made  by  a  cross-pollination  of  the 
improved  strains  in  1910,  the  aim  being  to  combine  prolificacy  with  the 
non-dropping  tendency  and  general  vigorousness  shown  by  some  of  the 
improved  stock.  Most  of  the  crosses  were  successful  and  seed  from  them 
will  be  planted  and  selection  begun  from  their  progeny  for  the  desired 
characters. 

Seed  Selection  with  Wheat. — The  work  with  wheat  is  similar  in  out- 
line to  the  improvement  by  seed  selection  with  cotton.  The  original 
selections  made  in  1908  have  been  continued  and  enough  seed  were 
secured  from  the  most  promising  ones  in  1910  to  plant  several  plats  for 
trial  in  the  variety  test.  Selections  from  Leap's  Prolific  and  Golden 
Chaff  are  very. promising  strains.  Given  an  area  of  one-tenth  acre  in 
the  variety  test  this  year  they  have  made  an  excellent  showing  in  yield 
of  grain.  Respectfully  submitted, 

W.  C.  Etheridge, 

Associate  Agronomist. 
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EEPORT  OF  DIVISION  OF  CHEMISTRY. 

I  have  the  honor  to  submit  the  following  report  of  the  Diyision  of 
Chemistry  for  the  year  ended  June  30,  1911 : 

During  the  year  the  Division  was  engaged  in  work  along  the  follow- 
ing lines:  Soil  Bacteriology  in  cooperation  with  the  Division  of  Bac- 
teriology, Toxicity  of  Cottonseed  Meal  in  cooperation  with  the  Animal 
Husbandry,  Veterinary  and  Pathological  Divisions,  Inorganic  Plant 
Constituents  in  cooperation  with  the  Agronomy  Division,  Inorganic 
Plant  Constituents  and  Tannin  in  cooperation  with  the  Beferees  of  the 
Association  of  Official  Agricultural  Chemists,  Sugar  Beet  Culture  in 
cooperation  with  the  Bureau  of  Plant  Industry,  Testing  Reagents  and 
Methods  of  Analysis,  and  miscellaneous  work. 

Soil  Bacteriology. — The  Division  has  made  2,687  determinations  in 
1,014  samples  of  soils  and  solutions  as  follows: 

Nitrogen  as  ammonia  by  magnesium  oxide  method 62 

Nitrogen  as  nitrates,  phenol  disulphonic  acid  method....  474 

Nitrogen  as  nitrates,  Tiemann  Schulze  method 409 

Nitrogen  as  nitrites,  Griess  method 864 

Nitrogen  as  nitrites  and  nitrates.  Withers  and  Ray  method  S34 

Nitrogen  total  by  Kjeldahl  method 20 

Humus  12 

Volatile  organic  matter 12 

2,687 

With  the  Division  of  Biology  it  has  published  the  following: 

Studies  in  Soil  Bacteriology,  Nds.  2  and  3  in  the  North  Carolina 
Station  Eeport  for  1908-09 ;  Studies  in  Soil  Bacteriology  No.  4  in  the 
North  Carolina  Station  Eeport  for  1909-10,  and  in  the  Centralblatt  fiir 
Bakt.  Band  27.  The  manuscript  for  Studies  in  Soil  Bacteriology  No.  5 
is  submitted  herewith  for  publication.  An  abstract  of  it  was  read  before 
the  May,  1911,  meeting  of  the  North  Carolina  Academy  of  Science. 

Toxicity  of  Cottonseed  Meal. — This  Division  has  prepared  356.9  kilo- 
grams of  17  kinds  of  feed  for  203  Belgian  hares.  Twelve  of  the  feeds 
had  been  used  previously  and  five  were  used  this  year  for  the  first  time- 
In  connection  with  it  there  were  161  determinations  of  phosphoric  acid. 
Two  important  conclusions  have  been  reached  as  a  result  of  the  experi- 
ments and  the  manuscript  will  be  submitted  for  publication  very  soon. 

Inorganic  Plant  Constituents. — This  division  has  made  218  determina- 
tions in  50  samples  of  portions  of  the  cotton  plant  sent  for  analysis  by 
the  Director.    These  determinations  were : 

Nitrogen  total  by  Kjeldahl  method 40 

Phosphorus  pentoxide  total 36 

Calcium  oxide  total 10 

Moisture  182 

218 

Association  of  Official  Agricultural  Chemists. — This  Division  has 
Tiade  14  determinations  in  three  samples  sent  out  for  analysis  by  the 
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Beferee  on  Inorganic  Plant  Constituents,  and  191  determinations  in  the 
four  samples  sent  out  by  the  Referee  on  Tannin.  Dr.  Ray  has  served 
as  Associate  Referee  on  Tannin  during  the  year.  During  the  year  the 
^writer  presided  over  the  Washington  meeting  of  the  Association 
(November  10, 11,  and  12, 1910)  and  as  President  read  an  address  upon 
The  Teaching  of  Chemistry  in  American  Agricultural  Colleges,"  which 
"was  published  in  Science,  vol.  33,  pages  849-855,  and  in  the  Proceedings 
of  the  Association  (Bulletin  No.  137  Bureau  of  Chemistry,  pages  91-97). 
Sugar  Beet  Culture, — Experiments  conducted  in  various  parts  of  the 
United  States  have  indicated  that  the  most  profitable  areas  for  sugar  beet 
culture  were  within  the  zone  having  a  mean  summer  temperature  of 
70^  F.  In  1898-9  (Bulletin  180,  May,  1901)  the  writer  conducted 
experiments  in  North  Carolina  which  resulted  in  producing  for  the  first 
time  in  the  State  a  beet  containing  14  per  cent  of  sugar,  and  prepared  a 
bulletin  showing  the  probable  sugar  beet  areas  in  the  State.  In  continu- 
ation of  that  work  and  in  cooperation  with  the  Bureau  of  Plant  Industry 
of  the  TJ.  S.  Department  of  Agriculture,  this  Division  has  distributed 
this  year  sugar  beet  seeds  to  150  residents  of  the  12  counties  in  Western 
North  Carolina  which  seem  best  adapted  to  the  growth  of  the  beet. 

Testing  Reagents  and  Methods. — This  work  has  involved  199  deter- 
minations as  follows: 

Moisture    12 

Chlorine  gravlmetrlcally 8 

Oxygen   12 

Nitric  oxide 15 

Nitrogen  as  nitrates  ptaenol-dlsulphonic  acid 46 

Nitrogen  as  nitrates,  Tlemann  Schulze 88 

Nitrogen  as  nitrates  and  nitrites,.  Withers  and  Ray 8 

Sulphur  trloxlde  gravlmetrlcally 2 

Sulphur  trloxlde  volumetrlcally 8 

199 

During  the  year  the  writer  and  F.  W.  Sherwood  read  a  paper  before 
the  January,  1911,  meeting  of  the  North  Carolina  section  of  the 
American  Chemical  Society,  proposing  a  modification  of  the  Tiemann 
Schulze  method  for  determining  nitrates  and  nitrites  which  has  proven 
very  satisfactory  in  our  hands.  The  paper  is  submitted  herewith  for 
publication. 

Miscellaneous. — The  Division  has  made  83  determinations  in  34  sam- 
ples, as  follows : 

Soils  ,      7 

Feed 1 

Fertilizing  material 12 

Water    1 

Building  lime • 3 

Marl 2 

Fats  4 

Guinea  pig  urine. 4 

34 
The  determinations  were: 

Nitrogen .^  20     . 

Potassium  oxide  jgitised by v*jO€)QIC 

Phosphorus  pentoxlde  ^ 
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Calcium  oxide 12 

Magnesium  oxide 2 

Carbon  dioxide 10 

Acidity 7 

Total  solids  2 

Volatile  matter 

Specific  gravity  

Melting  point 

Albuminoids  

Sugar   

S3 

During  the  year  Dr.  Ray  was  elected  Secretary  of  the  I^orth  Carolina 
Section  of  the  American  Chemical  Society.  The  writer  was  elected 
Vice-president  of  the  North  Carolina  Academy  of  Science,  and  a  member 
of  the  General  Committee  of  the  Agricultural  Section  of  the  VIII  Inter- 
national Congress  of  Applied  Chemistry. 

The  writer  read  before  the  Southern  Commercial  Congress  (Atlanta, 
Ga.,  March  10,  1911)  a  paper  upon  The  Relation  of  Climate  and  Rain- 
fall to  Southern  Agricultural  Monopolies,  which  was  published  in  The 
Tradesman  for  March  16,  1911. 

The  Division  is  moving  into  the  new  and  more  commodious  quarters 
which  have  been  provided  for  it  in  the  new  Engineering  Building.  For 
this  increased  space  and  improved  equipment  we  wish  to  express  our 
thanks  to  you.  President  Hill,  the  Board  of  Trustees,  and  General 
Assembly.  Very  respectfully, 

W.  A.   WiTHlEBS, 

Chemist, 
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REPORT  OF  DIVISION  OF  BIOLOGY. 

I  beg  to  submit  tbe  report  of  the  division  under  my  charge  for  the 
fiscal  year  now  closing: 

In  Plant  Pathology  the  chief  subject  under  investigation  has  been 
lettuce  sclerotiniose.  The  method  of  treatment  deduced  from  laboratory 
investigations  has  now  been  given  a  thorough  trial  in  the  field  and 
proved  successful.  The  results  have  been  presented  in  practical  form  in 
Bulletin  217.  A  more  extended  exposition  of  the  technical  work  and 
results  is  now  in  the  hands  of  the  Director,  ready  for  publication.  A 
popular  Bulletin,  No.  212,  has  been  prepared  and  printed.  This  di»- 
ousses  smuts,  especially  those  of  the  cereals,  and  gives  methods  of  treat- 
ment. A  popular  article,  Progress  in  Control  of  Plant  Diseases,  was 
publistied  in  Popular  Science  Monthly, 

Okra  wilt  (Fusariose),  similar  to  cotton  wilt,  was  found  near  the 
college,  and  received  some  attention  (page  70). 

A  new  buckwheat  disease  (Rhizoctoniose)  has  also  been  the  subject  of 
study. 

Hundreds  of  letters  relating  to  plant  disease  have  been  received  and 
answered.  Many  of  these  were  accompanied  by  specimens  and  diagnoses 
were  made  and  treatment  prescribed.  Work  has  been  continued  on 
apple  and  crucifer  diseases. 

In  cooperation  with  the  National  Department  of  Agriculture  exten- 
sive plans  have  been  made  for  study  of  the  Granville  tobacco  wilt  and 
work  has  been  begun.  Work  on  a  plant  disease  survey  in  cooperation 
with  the  National  Department  of  Agriculture  has  been  continued. 

Breeding  for  Disease  Resistance, — Breeding  for  resistance  of  melons 
and  tobacco  against  wilts  has  been  continued  along  the  lines  reported  in 
previous  years. 

Soil  Bacteriology  (in  cooperation  with  the  Division  of  Chemistry). — 
The  Soil  Bacteriological  Survey  undertaken  some  years  ago  has  now 
been  completed  and  the  results  are  nearly  ready  for  publication,  as  are 
also  a  number  of  miscellaneous  observations  on  soil  bacteriology.  The 
point  receiving  major  attention  now  relates  to  the  relative  values  of 
ammonia  and  nitrate  nitrogen  to  the  growing  plant.  This  subject  has 
been  under  study  some  years,  but  much  work  remains  yet  to  be  done. 
The  associative  action  of  bacteria  in  soil,  especially  of  nitrifiers  and 
denitrifiers,  both  with  and  without  organic  matter,  is  also  subject  of 
study.  Respectfully  submitted, 

F.  L.  Stevens, 
Vegetable  Pathologist  and  Soil  Bacteriologist, 
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REPORT  OF  POULTRYMAN. 

I  beg  to  submit  the  following  report  of  the  work  in  the  Poultry  Divis- 
ion for  the  year  ending  June  30,  1911 : 

FEEDING  EXPERIMENTS. 

The  feeding  work  outlined  in  last  year's  report  has  been  taken  up. 
These  feeding  experiments  are  to  test  different  rations  for  egg  produc- 
tion and  for  their  effect  on  the  health  and  breeding  quality  of  the  fowls. 
It  was  planned  to  use  12  pens  of  fowls  in  this  work,  feeding  six  differ- 
ent rations.  Six  of  the  pens  to  be  ordinary  size  yards,  such  as  the 
average  poultryman  would  use,  and  six  lots  of  approximately  half  an 
acre  each  in  which  farm  crops  are  grown.  On  account  of  lack  of  room 
two  of  the  large  lots  could  not  be  used  and  to  balance  the  experiment 
two  of  the  small  pen  lots  were  dropped,  leaving  eight  lots  of  fowls  on 
four  different  rations.  A  great  many  farmers  still  depend  entirely  on 
com  for  feeding  their  poultry.  This  feed  will,  under  some  conditions 
and  at  certain  seasons,  give  very  satisfactory  results,  but  when  the  fowb 
are  dependent  on  the  feeder  for  all  they  get  to  eat  it  will  not  give  good 
results.  In  order  to  test  this  matter  com  only  was  fed  to  one  pen  in 
each  size  yard.  Wheat  alone  was  fed  to  two  pens.  The  two  other 
rations  were  composed  of  both  grain  and  dry  mash.  The  grain  was  the 
same  in  each  case,  being  two  parts  com  and  one  part  wheat-  The  mash 
in  one  case  was  equal  parts  by  weight  of  com  meal,  wheat  bran,  and 
cottonseed  meal.  In  the  other  it  was  four  parts  corn  meal,  four  parts 
wheat  bran,  two  parts  meat  meal,  and  two  parts  bone  meal. 

The  small  yards  were  set  in  Bermuda  grass,  which  gave  no  green  feed 
during  the  winter,  but  an  abundance  during  the  summer.  To  keep  the 
grass  in  these  lots  in  the  best  condition  for  the  hens  during  the  summer 
it  was  pastured  just  enough  to  keep  it  from  getting  old  and  tough.  In 
the  large  lots  winter  oats  was  grown  for  hay.  This  crop  gave  good  graz- 
ing during  the  winter  months  and  was  harvested  about  June  Ist. 

These  experiments  are  planned  to  run  nine  months,  from  January  1 
to  September  30,  and  are,  therefore,  not  completed  at  this  time.  For 
the  winter  period  there  was  a  saving  in  the  cost  of  production  of  from 
twenty  to  thirty-three  and  one-third  per  cent  in  the  large  yards  with  the 
green  crop  over  the  same  rations  in  the  small  yards.  With  the  first 
three  rations  mentioned  the  saving  was  approximately  one-third  and  on 
the  last  ration  one-fifth. 

The  last  ration,  which  contained  the  meat  meal  and  bone  meal,  was 
the  only  one  that  could  be  considered  satisfactory  as  with  the  others  the 
eggs  cost  from  22  cents  per  dozen  to  36  cents  per  dozen,  while  with  this 
ration  for  the  three  months  from  January  1  to  March  31,  the  cost  was 
12  cents  per  dozen  in  the  large  yard  and  14.4  cents  per  dozen  in  the 
small  yard. 

In  all  cases  except  the  meat  meal  and  bone  meal  ration,  the  fowls  m 
the  large  lots  laid  more  eggs  than  those  in  the  small  lots.    Thoae  fed  me«t 
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meal  and  bone  meal  in  the  small  yard  laid  a  few  more  eggs  than  those 
in  the  large  lot,  but  the  cost  was  greater  and  the  profit  less  in  the  small 
yard. 

The  fertility  and  hatchability  of  the  eggs  has  not  been  fully  tested  at 
this  time,  but  in  those  incubated  the  results  were  better  from  the  hens 
having  the  meat  meal  and  bone  meal  ration  than  any  of  the  others,  but 
were  not  as  good  as  they  should  be,  even  from  these  lots,  and  while  the 
ration  was  fairly  satisfactory  from  the  standpoint  of  egg  production  it 
is  thought  that  it  might  be  improved  for  breeding  purposes  by  cutting 
down  the  animal  feed  in  the  ration.  Just  what  would  be  the  best  pro- 
portion considering  both  egg  production  and  breeding  ability  has  not  yet 
been  determined. 

^Experimental  work  in  the  feeding  of  growing  chickens  has  been  out- 
lined for  the  summer  and  will  be  started  as  soon  as  the  crops  are  ready. 
These  are  divided  into  two  groups  of  three  lots  each.  One  to  be  a  test 
of  different  rations  on  the  same  grazing  conditions  and  the  other  of  dif- 
ferent grazing  crops  where  the  same  ration  is  fed. 

It  is  planned  to  extend  the  feeding  experiments  for  the  next  year  hj 
the  addition  of  more  of  the  large  lots.  Some  changes  in  the  rations  will 
also  probably  be  made,  based  on  the  results  obtained  in  this  work. 

There  is  a  large  and  growing  demand  throughout  the  State  for  infor- 
mation pertaining  to  poultry.  The  Poultryman  attended  twenty-eight 
Fanners'  Institutes  during  last  summer  and  two  short  course  schools 
held  during  the  winter  by  the  State  Department  of  Agriculture,  and 
judged  the  poultry  at  several  fairs.  The  policy  of  this  Division  in  regard 
to  judging  is  to  help  in  any  way  that  it  can  the  newly  organized  and 
smaller  Agricultural  Societies  which  do  not  feel  able  to  pay  for  the  serv- 
ices of  a  poultry  judge. 

The  demand  for  breeding  stock  and  eggs  for  hatching  during  the  year 
has  been  the  largest  in  the  history  of  the  Division.  The  correspondence 
which  comes  to  the  Poultryman  has  also  greatly  increased  from  year 
to  year.  Respectfully  submitted. 

J.  S.  Jeffbbt, 

Poultryman. 
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REPORT  OF  DIVISION  OF  HORTICULTURE. 

I  herewith  submit  a  report  of  the  work  of  the  Horticultural  DivisioL 
for  the  year  ending  June  30,  1911 : 

SELF-STERILITY  OF   DEWBERRIES   AND  BLACKBERRIES. 

Our  work  on  this  problem  has  been  continued  during  the  past  year. 
and  some  very  important  results  were  obtained.  These  results  corrob- 
orate those  of  the  previous  year.  We  have  found  that  the  following 
varieties  of  dewberries  are  self -sterile :  Premo,  San  Jacinto,  Chestnut. 
Manatee,  Rogers,  White,  Lime-kiln,  and  Monroe. 

The  following  varieties  are  self -fertile :  Lucretia,  Austin,  Cox,  Euth. 
and  possibly  Grandee. 

One  very  interesting  and  important  fact  discovered  is,  that  one  self- 
sterile  variety  will  successfully  cross-fertilize  another  self-sterile  varietv 
of  dewberry.  This  means  that  the  pollen  of  self-sterile  varieties  is  good, 
that  is,  it  will  germinate  on  the  pistils  of  other  varieties.  It  also  germi- 
nates readily  in  a  sugar  solution  in  the  laboratory.  As  yet  we  have  not 
been  able  to  determine, why  this  pollen  will  not  fertilize  the  pistils  of  the 
same  variety.    Our  work  on  this  problem  will  be  continued. 

SELF-STERILITY   OF  ROTUNDIFOLIA   GRAPES. 

We  have  given  a  large  amount  of  our  time  during  the  past  year  H' 
this  problem.  We  have  found  that  all  the  varieties  of  this  species  now 
in  general  cultivation  are  self-sterile;  that  is,  the  fruit  can  not  develoj^ 
unless  the  flowers  are  fertilized  with  pollen  from  a  male  muscadine  vine. 
This  self-sterility  is  due  to  the  fact  that  the  pollen  of  the  cultivated 
varieties  is  worthless  and  can  not  germinate  under  any  conditions.  The 
results  of  this  work  have  been  published  in  Bulletin  209  of  this  Station. 

One  wild  vine  has  been  found  in  our  work  which  appears  to  be  an 
exception  to  this  rule.  If  this  vine  should  prove  an  exception  it  will  be 
a  valuable  discovery^  Our  work  on  certain  phases  of  this  problem  will 
be  continued. 

A   STUDY   OF   ROTUNDIFOLIA   QRAPE   HYBRIDS. 

The  Rotundifolia  grapes  are  the  most  valuable  in  the  South.  But  in 
some  respects  they  are  very  defective.  These  imperfections  must  be 
eliminated  by  breeding.  Just  how  this  can  be  done  is  still  a  question. 
Hence  we  have  made  many  crosses,  and  are  making  a  careful  study  of 
the  hybrids.  This  is  to  determine  the  fundamental  laws  which  goveni 
such  hybrids.  We  have  already  obtained  some  very  valuable  data;  and 
have  found  one  fundamental  law  which  governs  such  hybrids.  This  law 
can  be  stated  as  follows :  When  the  Scuppemong  is  fertilized  with  pollen 
from  a  white  male  vine  the  seedlings  resulting  from  such  seed  will  pro- 
duce white  fruit;  and  when  the  Scuppemong  is  fertilized  with  pollen 
from  a  black  male  vine  the  seedlings  resulting  from  such  seed  will  pro- 
duce dark  fruit. 

Hundreds  of  seedlings  from  last  year's  crosses  are  just  beginning  to 
grow  and  some  valuable  data  will  be  obtained  from  these  this  year. 
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SELF-STERILITY  OF  PERSIMMONS. 

We  will  begin  this  year  an  extended  study  of  self-sterility  and  self- 
fertility  in  Native  and  Japanese  persimmons.  This  is  to  determine 
wbat  varieties  are  self-sterile,  what  varieties  are  self-fertile,  and  what 
varieties  or  forms  are  the  best  poUinizers  for  the  self -sterile  varieties. 
Also  to  detemine  the  cause  of  seedlessness  in  many  persimmons. 

A  STUDY  OF  THE  INFLUENCE  OF  PLANT  FOOD  ON  POLLEN. 

Ill  connection  with  our  studies  on  self-sterility  of  plants  we  are  trying 
to  determine  the  influence  which  the  elements,  nitrogen,  phosphorus, 
potash,  magnesium,  and  calcium,  have  on  the  formation  and  character  of 
pollen.  At  present  the  tomato  plant  is  being  used  for  this  study.  The 
work  on  this  problem  will  be  continued. 

DOUBLE   BLOSSOM   OF   THE   DEWBERRY   AND   BLACKBERRY. 

The  work  on  this  problem  has  been  practically  completed.  We  have 
found  that  this  trouble  is  due  to  a  fungus  disease,  known  as  Fusarium 
ruhi.  Winter.     The  results  have  been  prepared  for  publication. 

Certain  phases  of  the  subject,  such  as  a  study  of  varieties  subject  to 
the  disease,  and  best  methods  of  controlling  the  disease,  will  be  continued 
this  year. 

PRUNING  APPLE   TREES. 

The  experiment  on  pruning  young  apple  trees  is  being  continued.  This 
work  has  not  progressed  far  enough  to  warrant  any  conclusions. 

PUBLICATIONS. 

During  the  year  this  Division  has  published  Bulletin  209,  entitled, 
"Self-sterility  of  the  Scuppemong  and  Other  Muscadine  Grapes,"  and 
has  recently  submitted  a  report  on  "Double  Blossom  of  the  Dewberry 
and  Blackberry." 

Thanking  you  for  the  interest  you  have  shown  in  our  work,  I  beg  to 
remain.  Respectfully  yours, 

F.  C.  Eeimer, 

Horticulturist, 
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REPORT  OF  DIVISION  OF  ANIMAL  HUSBANDRY. 

I  beg  to  submit  the  following  report  of  the  Animal  Husbandry  Divis- 
ion for  the  fiscal  year  ending  June  30,  1911 : 

The  major  line  of  work  of  the  Division  for  the  past  year  has  been  a 
continuation  of  the  investigations  relating  to  the  toxicity  of  cottonseed 
meal  in  swine.  Guinea  pigs  and  rabbits  have  been  used  largely  during 
the  last  year  to  determine  the  promising  lines  of  work.  These  experi- 
ments are  then  duplicated  on  large  hogs  as  far  as  possible. 

A  study  of  the  effect  of  Sea  Island  cotton  seed  and  Sea  Island  cotton- 
seed meal  has  been  under  way  most  of  the  year.  From  all  indications 
the  Sea  Island  cottonseed  meal  is  equally  as  toxic  as  the  Upland  meal. 
A  decision  has  not  been  reached  regarding  the  toxicity  of  Sea  Island 
seed.  In  this  work  two  calves  have  been  fed  cottonseed  meal  for  the 
purpose  of  determining  the  difference  in  the  effect  of  the  meal  on  calve? 
and  swine. 

The  experiment  on  feeding  cottonseed  meal  to  horses  and  mules  h&s 
been  completed,  and  the  results  have  been  reported  in  Bulletin  215.  Also 
a  general  bulletin  has  been  issued  giving  some  practical  information  con- 
cerning the  use  of  cottonseed  meal  for  work  stock.  It  also  contains  s 
brief  report  of  the  work  done  on  this  subject  by  other  Stations,  and  some 
data  from  practical  farmers  who  have  used  this  meal  extensively.  The 
important  conclusions  drawn  from  the  experiments  at  this  Station  are  as 
follows : 

Cottonseed  meal  may  be  used  in  limited  quantities  in  the  rations  for 
work  stock  with  satisfactory  results,  although  in  some  cases  animals  will 
refuse  it  even  after  repeated  attempts  to  feed  it. 

It  should  never  be  undertaken  to  feed  cottonseed  meal  alone.  It  is 
a  very  concentrated  feed  and  for  this  reason  it  should  be  used  only  as  a 
supplement  to  carbonaceous  feeds,  such  as  com. 

The  meal  should  always  be  fed  with  some  finely  divided  concentrate, 
such  as  corn-and-cob  meal,  wheat  bran  or  brewers'  grains.  The  more 
thorough  the  mixture  of  cottonseed  meal  with  the  basal  feed  the  more 
satisfactory  the  results  will  be. 

The  amount  of  cottonseed  meal  fed  daily  should  rarely  exceed  two 
pounds  per  animal.  A  safe  guide  to  follow  will  be  to  feed  one-fifth  of  a 
pound  of  the  meal  per  hundred  pounds  of  live  weight.  Draft  stock 
materially  exceeding  one  thousand  pounds  in  weight  may  use  two  and 
one-half  and  possibly  three  pounds  per  day  in  exceptional  cases. 

Based  on  the  ration  for  a  work  animal  of  average  weight,  the  amount 
of  cottonseed  meal  fed  should  not  exceed  fifteen  per  cent  of  the  total 
ration  by  weight.  As  a  general  thing  the  results  will  be  more  8atisfa^ 
tory  if  only  ten  to  twelve  per  cent  of  the  ration  is  composed  of  this  mcai. 

The  results  obtained  by  the  writer  during  three  years  experimental 
work  show  that  no  ill-effects  will  arise  from  the  use  of  cottonseed  meaJii 
it  is  used  with  judgment,  however,  if  it  is  unduly  increased  it  will  not 
only  be  refused  but  will  injure  the  condition  and  working  capacity  of 
the  animals. 
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The  chief  thing  in  mixing  a  cottonseed  meal  ration  is  to  use  the  meal 
in  connection  with  feeds  which  can  be  thoroughly  incorporated  with  it, 
thus  avoiding  any  quantity  of  the  meal  sifting  through  the  ration  to  the 
bottom  of  the  feed  trough.  Wheat  bran  is  excellent  for  this  purpose, 
although  its  use  increases  the  cost  of  the  ration. 

Only  bright,  fresh  colored  cottonseed  meal  should  be  used.  Meal 
which  is  dark  yellow  in  color  is  likely  old  and  somewhat  musty.  This 
stale  condition  of  the  meal  no  doubt  at  times  is  responsible  for  animals 
refusing  it. 

Cottonseed  meal  is  an  excellent  laxative  and  for  this  reason  it  is 
desirable  to  feed  with  com,  aside  from  the  fact  that  it  furnishes  the 
deficiency  of  protein  in  this  feed. 

The  effect  of  cottonseed  meal  on  the  coat  of  the  animal  is  to  make  it 
smooth  and  glossy,  having  the  same  effect  in  this  respect  as  linseed 
meal. 

The  present  price  of  cottonseed  me»l,  which  will  average  about  $30.00 
per  ton,  precludes  any  reduction  in  the  cost  of  the  ration.  Its  principal 
value  must  be  derived  from  the  beneficial  effect  on  the  coat,  condition, 
and  digestive  system  of  the  animal  and  in  the  enhanced  value  of  the 
manure  resulting  from  its  use. 

The  experiments  on  feeding  cottonseed  meal,  com  silage,  corn  stover, 
and  cottonseed  hulls  to  beef  cattle  will  be  reported  in  Bulletin  218.  The 
chief  objects  of  this  experiment  were  to  determine  the  difference  in 
value  of  the  three  roughage  feeds,  namely :  corn  stover,  com  silage,  and 
cottonseed  hulls. 

Cottonseed  hulls  gave  the  largest  gains  both  years,  but  the  dressing 
percentage  of  the  cattle  fed  this  roughage  was  lower  than  either  of  the 
other  lots  the  last  year  of  the  experiment.  The  cattle  were  valued  as 
follows  when  finished  for  market :  Lot  1,  fed  com  stover  and  corn  silage, 
$5.90  per  hundred ;  lot  2,  fed  corn  silage,  $6.00  per  hundred,  and  lot  3, 
fed  cottonseed  hulls,  $5.72^  per  hundred.  The  first  year  the  cattle  fed 
com  silage  made  the  cheapest  gains,  those  fed  cottonseed  hulls  the  sec- 
ond cheapest  gains,  and  the  cattle  fed  com  silage  and  corn  stover  the 
costliest  gains.  The  second  year  the  cattle  fed  cottonseed  hulls  made  the 
cheapest  gains,  those  fed  com  silage  the  second  cheapest  gains,  and  the 
cattle  fed  corn  stover  and  corn  silage  the  costliest  gains,  the  same  as  the 
first  year.  With  the  two  former  roughages  the  results  were  reversed  the 
first  and  second  year.  The  indications  are  that  the  farmer  should  save 
a  portion  of  his  com  crop  in  the  form  of  silage,  and  discontinue  buying 
cottonseed  hulls,  which  are  becoming  more  expensive  each  year. 

In  conjunction  with  the  publication  of  these  experimental  results  a 
general  bulletin  will  be  issued  on  the  Feeding  and  Management  of  Beef 
Cattle. 

The  writer  contemplates  some  further  work  along  the  line  of  feeding 
cottonseed  meal  to  beef  cattle.  The  work  planned  includes  the  follow- 
ing: 

(1)  A  determination  of  the  most  profitable  amount  of  cottonseed 
meal  to  feed  under  Southern  conditions;  (2)  a  determination  of  the 
value  of  com  silage  in  prolonging  the  period  of  feeding  and  increasing 
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the  amount  of  cottonseed  meal  which  can  be  fed;  (3)  the  influence  of 
these  various  feeds  on  the  quality  and  selling  price  of  the  carcass,  and 
(4)  the  influence  of  the  size  and  weight  of  animal  on  the  total  amount 
of  cottonseed  meal  which  can  be  fed,  and  the  amount  which  can  be  fed 
per  hundred  pounds  live  weight. 

During  the  last  year  six  pure-bred  Berkshires  were  added  to  the  Sta- 
tion herd.  A  start  has  been  made  in  Shropshire  sheep,  which  will  be 
used  in  the  formation  of  a  breeding  herd  for  experimental  work. 

A  considerable  number  of  improvements  have  been  made  in  the  Ani- 
mal Husbandry  Division,  which  will  aid  in  the  efficiency  of  the  experi- 
mental worL 

Forage  crops  for  swine  are  being  grown  continuously  to  determine  the 
crops  best  adapted  to  the  State  for  swine  production. 

The  crops  which  are  most  promising  are  rye,  rape,  oats,  Canada  field 
peas,  cowpeas,  peanuts,  and  sweet  potatoes. 

Considerable  correspondence  comes  to  the  office  relating  to  the  adap- 
tability of  the  State  for  stock  growing,  and  the  feeding,  care  and  man- 
agement of  live  stock.  Respectfully  submitted, 

R.  S.  Curtis, 
Animal  Husbandman. 
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REPORT  OF  DIVISION  OF  DAIRY  HUSBANDRY. 

I  beg  to  submit  the  following  report  of  the  work  of  the  Dairy  Divis- 
ion of  the  Station  for  the  year  ended  June  30,  1911 : 

The  experimental  work  during  the  past  year  has  been  confined  to 
cottonseed  meal  as  a  suitable  feed  for  calves  and  growing  heifers. 

In  the  first  experiment  twelve  heifer  calves  ranging  in  age  from  five 
to  ten  months  were  selected  and  divided  into  two  lots  or  six  each.  Each 
lot  received  the  same  amount  of  com  silage  and  hay.  For  a  grain  ration 
lot  1  was  fed  a  mixture  of  corn,  oats,  and  wheat  bran  in  equal  parts  by 
weight.  Lot  2  was  fed  a  mixture  of  cottonseed  meal,  oats,  and  wheat 
bran.  The  results  showed  that  four  of  the  six  calves  in  lot  2,  all  four  of 
which  were  under  ten  months  of  age,  either  made  no  gain  at  all  or  lost 
considerable  during  the  first  two  months  of  the  feeding.  In  addition 
they  appeared  very  unthrifty.  The  two  calves  in  lot  2  that  were 
ten  months  old  made  satisfactory  gains  and  growth,  as  did  all  of  the 
calves  in  lot  1.  At  the  end  of  two  months  all  four  of  the  young  un- 
thrifty calves  in  lot  2  were  transferred  to  the  grain  ration  of  com  meal, 
oats  and  wheat  bran,  and  at  once  began  to  improve,  so  that  they  made 
reasonably  good  gains  from  that  time  on.  The  results  seem  conclusive 
that  cottonseed  meal  should  not  be  fed  to  calves  under  ten  months 
of  age. 

Another  young  bull  calf  was  fed  cottonseed  meal  mixed  with  skimmilk, 
four  ounces  of  the  meal  per  day  being  supplied  at  the  start,  with  the 
amount  gradually  increased  as  the  calf  became  older,  so  that  he  was 
receiving  one  and  one-half  pounds  per  day  when  he  died  after  being  on 
feed  seventy-one  days. 

From  the  results  secured  it  seems  evident  that  cottonseed  meal  should 
not  be  fed  to  calves  under  any  consideration  before  they  are  at  least 
ten  months  old. 

A  Bulletin  on  the  feeding  and  management  of  the  dairy  herd  was  pub- 
lished during  the  year. 

Respectfully  submitted, 

John  C.  McNutt, 
Dairy  Husbandman. 
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A       REPORT  OF  ENTOMOLOGIST. 

I  beg  to  submit  herewith  a  report  of  the  work  conducted  for  the  Ento- 
mological Division  for  the  year  ended  with  June  30,  1911 : 

During  the  summer  and  fall  of  1910  most  of  my  Station  time  was 
devoted  to  a  study  of  the  life  history  and  habits  of  the  two  meloi> 
wormsj  Diaphania  nitidalis  and  Diaphania  hyalinaia,  this  being  the 
same  project  to  which  considerable  time  was  given  in  1909.  Most  of 
this  investigation  was  conducted  at  West  Raleigh.  This  consisted  mainly 
in  securing  a  large  number  of  records  of  the  development  of  the  worms 
from  egg  to  adult  stage,  the  duration  of  the  eg^,  larva  and  adult  stages, 
breeding  of  parasites  and  predaceous  insects,  determination  of  the  gen- 
eral habits  of  the  larvse  and  adults,  egg-laying,  etc.  Field  observations 
were  also  made  at  frequent  intervals.  Two  trips  were  made  in  July, 
1910,  to  the  cantaloupe  section  of  Robeson  and  Scotland  counties.  A 
full  report  of  this  investigation  has  been  written  and  published  as  Exper- 
iment Station  Bulletin  214.  The  bulletin  contains  technical  descrip- 
tions of  eggs  and  worms  in  all  stages  of  development  and  description  of 
the  adult  stages,  as  well  as  records  of  the  breeding  experiments  which 
served  to  demonstrate  the  length  of  the  life  cycle  for  both  species  and 
the  usual  number  of  generations  each  year.  The  report  shows  that  this 
pest  is  one  which  can  be  avoided  by  getting  an  early  maturing  crop  of 
cantaloupes,  for  it  was  learned  that  the  worms  of  the  first  and  second 
generations,  which  mature  during  June  and  July,  are  not  sufficiently 
numerous  to  cause  noticeable  injury,  and  the  third  generation,  when  the 
worms  become  destructive,  does  not  develop  until  after  about  July  15, 
when  an  early  cantaloupe  crop  should  be  largely  matured. 

The  melon  worm,  Diaphania  hyalinaia,  proved  to  be  of  little  im- 
portance, compared  with  the  other  species.  It  appears  later  and  seems 
to  prefer  to  feed  on  the  foliage,  especially  of  summer  squash  when  that 
plant  is  available.  The  report  also  indicates  that  parasites  and  natural 
causes  are  evidently  keeping  the  melon  worm  down  to  small  numbers. 

An  important  result  of  the  investigation  was  the  determination  of  the 
value  of  summer  squash  plants  as  a  trap  for  the  pickle  worm,  Dia- 
phania nitidalis,  which  is  the  species  which  the  cantaloupe  grower  has  to 
fear.  The  report  shows  that  where  summer  squash  plants  were  distrib- 
uted through  the  cantaloupe  fields  that  these  served  to  attract  nearly  all 
the  worms  until  about  the  first  of  August.  The  efficiency  of  this  trap 
plant  was  fully  demonstrated ;  one  illustration  of  the  benefit  derived,  a? 
stated  in  Bulletin  214,  is  sufficient  to  prove  this  statement : 

On  July  27,  1910,  in  a  four-acre  field  of  cantaloupes,  about  400  hiUs 
of  summer  squash  were  present,  and  when  examined,  proved  to  contain 
an  average  of  65  worms  to  each  hill,  while  the  maturing  cantaloupes  on 
all  sides  were  practically  free  from  worms.  In  fact,  only  one  canta- 
loupe showed  worm  injury.  However,  at  that  date  the  summer  squash 
were  getting  in  very  bad  condition,  practically  ruined  by  worms,  and 
as  no  late  plantings  had  been  provided  their  efficiency  as  a  trap  plant 
did  not  continue.  Two  weeks  later  the  cantaloupes  showed  about  ten 
per  cent  injured  by  worms.    In  ordinarily  early  seasons  the  cantaloupe 
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around  Baleigh  are  all  gathered  by  August  1,  hence  the  summer  squash 
as  a  trap  may  be  used  successfully.  Other  fields  of  cantaloupes  not  pro- 
tected by  summer  squash  showed  as  high  as  75  per  cent  destroyed  by 
worms  on  August  1,  when  the  field  above  mentioned  had  sustained  prac- 
tically no  injury. 

The  investigation  proved  conclusively  that  cantaloupe  growers  should 
depend  mainly  on  getting  an  early  crop,  or  they  should  provide  succes- 
sive plantings  of  summer  squash  to  attract  the  ^g-laying  moths,  if  their 
crop  is  to  mature  later  than  July  15. 

Parasites  and  predaceous  insects  were  found  to  be  of  some  help  in 

suppressing  the  melon  worms,  but  they  can  not  be  expected  to  be 

numerous  until  late  in  the  season,  and  their  real  value  lies  in  destroying 

many  worms  that  would  otherwise  live  during  the  winter. 

The  melon  worm  project  was  not  taken  up  again  in  1911,  because  of 

a  new  project,  the  Corn  Bill  Bugs,  which  has  required  all  of  the  writer's 

rime  and  attention. 

The  detailed  report  of  the  Com  Bill  Bug  investigation  up  to  July  1, 

1911,  is  submitted  herewith  as  a  special  article.    This  report  shows  that 

careful  life  history  studies  of  the  bill  bugs  have  been  started,  but  no 

records  are  yet  complete. 

MISCELLANEOUS  WORK  AND  RECORDS. 

In  addition  to  the  work  on  Adams  Projects  the  writer  has  attempted 
to  make  observations  and  notes  on  all  the  injurious  insects  brought  to 
bis  attention.  During  the  past  year  there  have  been  no  serious  outbreaks 
of  insect  injury  except  as  recorded  below.  Some  specimens  of  injurious 
insects,  and  a  few  common  insects  collected  from  one  source  or  another, 
have  been  added  to  the  insect  collection.  Notes  concerning  the  occur- 
rence of  some  insects  of  general  interest  have  also  been  recorded.  I 

The  Spring  Grain  Aphis,  Toxoptera  graminum,  has  been  unusually  » 
numerous  and  injurious  in  the  oat  and  wheat  fields  on  both  the  Station 
and  College  farms  this  past  spring.  Some  fields  were  destroyed  so  that 
they  were  not  harvested.  This  aphis  injury  appears  to  have  been  gen- 
oral  over  the  State,  and  is  largely  accounted  for  by  the  weather  condi- 
tions, a  cool,  damp  spring,  which  always  favors  an  increase  of  the 
aphids.  When  settled  dry  hot  weather  commenced,  the  natural  parasites 
and  predaceous  lady  beetles  became  numerous  and  destroyed  most  of  the 
aphis,  but  not  until  after  great  damage  had  been  done.  2..^^ 

Com  Flea  Beetles  of  two  species,  Chwiocnema  parcepunctata  and  C. 
fmlicaria,  were  very  abundant,  and  were  destructive  to  young  com  dur- 
ing May  and  June.  One  six-acre  field  on  the  College  farm  was  injured 
80  severely  as  to  require  replanting,  and  the  writer  noticed  the  beetles  in 
great  numbers  in  practically  all  the  corn  fields  in  this  vicinity.  Reports 
of  their  presence  in  other  localities  were  aho  received. 

Red  Spiders,  Teiranych'us  gloveri,  have  recently  appeared  in  remark-  '^ 
able  numbers  in  gardens  in  this  locality  and  many  reports  have  been 
received  of  their  presence  on  cotton.  This  peat — not  a  true  insect — is 
favored  by  continued  hot  dry  weather,  such  as  has  prevailed  during 
June,  1911.  In  gardens  where  mnning  water  is  available,  frequent 
drenching  of  plants  serves  to  keep  this  pest  in  control.    In  cotton  fields, 
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or  where  water  can  not  be  used,  a  spray  of  one  pound  of  laundry  soap 
in  four  gallons  of  water  is  effective.  The  concentrated,  commercial, 
lime-sulphur  solution  diluted  one  part  to  one  hundred  parts  of  water  is 
an  effective  spray,  and  ordinary  flour  of  sulphur,  one  ounce  in  one  galloD 
of  water  will  kill  a  large  per  cent  of  the  red  spiders. 

The  most  important  work  of  the  year,  except  the  Adams  projects- 
melon  worms  and  corn  bill  bugs — ^was  that  undertaken  to  suppress  the 
house  fly,  Musca  domestica,  which  was  unusually  abundant  and  trouble 
some  during  May  and  June.  Attention  was  first  directed  to  this  prob- 
lem on  May  22,  when  Director  Williams  sent  out  a  circular  letter  to  the 
residents  of  West  Raleigh,  asking  their  cooperation  in  an  attempt  to 
make  this  township  a  sanitary  district.  Reports  of  typhoid  fever  and 
the  undoubted  presence  of  many  flies,  were  responsible  for  this  action. 
At  Mr.  Williams'  request  the  writer  commenced  an  investigation  to  de- 
termine the  principal  breeding  places  of  the  flies,  and  later,  as  recorded 
elsewhere,  a  method  of  poisoning  flies  with  formaldehyde  was  success- 
fully demonstrated.  Newspaper  articles  concerning  flies  were  written 
and  appeared  prominently  in  the  Sunday  editions  of  the  Raleigh  News 
and  Observer  and  in  the  Raleigh  Daily  Times.  On  this  date,  June  30, 
the  people  of  Raleigh  and  West  Raleigh  have  cleaned  up  many  breeding 
places  by  using  formalin  as  a  fly  poison,  and  already  the  good  results  of 
the  campaign  are  being  spoken  of.  The  flies  around  the  College  daiir 
and  horse  bams  have  been  reduced  to  very  small  numbers  by  the  com- 
bined work  of  removing  the  stable  manure  each  week  or  oftener,  and  by 
poisoning  thousands  of  flies  with  the  formaldehyde.  A  report  of  the 
work  with  houseflies,  up  to  the  present  date  (the  work  is  still  in  progress) 
is  submitted  herewith  as  a  special  article. 

BULLETINS  AND  NEWSPAPER  ARTICLES. 

The  following  have  been  written  by  the  Entomologist  during  the  year: 

Bulletin  214,  "Two  Important  Cantaloupe  Pests."  This  bulletin  re^ 
cords  the  work  of  two  seasons  with  the  two  melon  worms  spoken  of  in 
the  report. 

Circular  Bulletin  23,  "How  to  Suppress  Houseflies."  This  circular 
was  sent  to  all  the  newspapers  in  the  State,  with  request  for  early  pub- 
lication. 

For  newspapers  the  following  articles  have  been  supplied:  "Facts 
Concerning  the  Housefly,"  "Where  Do  Houseflies  Breed?"  and  "The 
Housefly  Must  Go." 

Other  short  articles  were  written  and  appeared  in  the  daily  paT)er9 
concerning  the  success  of  the  formalin  poison  treatment  for  killing 
houseflies. 

Two  articles,  namely  "Formalin  Pq^son  for  Houseflies"  and  **Breed- 
ing  Places  of  the  Housefly"  were  written  for  the  State  Board  of  Health 
for  publication  in  their  monthly  bulletin  for  July. 

CORRESPONDENCE. 

Letters  received  and  answered  have  increased  in  nui6ber  Sifice  my  last 
report.    Some  of  these  letters  have  required  very  long  replies  because  of 
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haiHng  no  bulletins  on  the  subject  that  would  answer.  Letters  concern- 
ing household  insects  such  as  ants,  roaches,  fleas,  etc.,  and  others  relative 
to  insects  not  usually  discussed  in  bulletins,  have  increased  the  corre- 
spondence noticeably. 

ENTOMOLOGICAL  LTTERATUBE. 

Additions  to  the  entomological  library  have  been  made  largely  by  bul- 
letins. The  Journal  of  Economic  Entomology,  the  official  organ  of  the 
Association  of  Economic  Entomologists;  has  been  secured  in  complete 
form  to  date.  It  is  desirable  to  make  additions  in  the  form  of  complete 
files  of  older  entomological  publications,  which  can  only  be  secured  by 
purchase.  Eespectfully, 

B.  I.  Smith, 
Entomologist 
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REPORT  OF  DIVISION  OF  VETERINARY  SCIENCE. 

I  beg  to  submit  herewith  a  report  of  the  work  of  the  Veterinaiy  Divis- 
ion for  the  fiscal  year  ending  June  30,  1911 : 

In  cooperation  with  the  Animal  Husbandry,  Chemical  and  Animal 
Pathology  Divisions  work  upon  the  study  of  the  injurious  eflFects  of  cot- 
tonseed meal  feeding  has  been  continued. 

Clinical  observations  have  been  made  upon  26  hogs  fed  treated  and 
untreated  cottonseed  meal  and  upon  one  calf  fed  1  per  cent  to  2  per  cent 
of  its  body  weight  of  cottonseed  meal  daily. 

Necropsies  were  held  upon  18  guinea  pigs,  40  rabbits,  and  3  hogs, 
dead  from  cottonseed  meal  feeding.  Sections  of  various  internal  organ? 
were  saved  and  turned  over  to  the  Animal  Pathology  Division  for  histo- 
logical examination. 

Some  blood  examinations  were  made  to  determine  any  alteration  in 
total  solids,  in  amount  of  hemoglobin  and  in  the  differential  count  of 
leucocytes. 

Numerous  enquiries  relative  to  diseases  of  livestock  were  answered.  A 
much  larger  number  of  enquiries  than  heretofore  were  concerning  the 
serum  vaccination  against  hog  cholera.  These  were  referred  to  the 
State  Department  of  Agriculture,  which  Department  is  producing  the 
serum. 

Twenty-four  head  of  the  Experiment  Station  hogs  were  injected  with 
the  serum  April  18,  1911,  when  cholera  made  its  appearance  in  the 
neighborhood  and  some  40  head  of  hogs  were  lost  by  one  person.  No 
signs  of  the  trouble  has  as  yet  appeared  in  our  herd. 

A  number  of  specimens  of  damaged  feed,  of  animal  parasites,  and  of 
diseased  tissues  were  received  for  examination. 
Respectfully  submitted, 

G.  A.  Roberts, 

Veterinarian. 
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REPORT  OF  DIVISION  ANIMAL  PATHOLOGY. 

I  beg  to  submit  the  following  report  of  the  Animal  Pathology  Division 
for  the  period  between  September  1,  1910,  and  June  30,  1911 : 

The  work  has  been  confined  to  the  cottonseed  meal  project  in  con- 
junction with  the  Chemical,  Animal  Husbandry,  and  Veterinary  Divis- 
ions. A  large  number  of  small  experimental  animals  have  been  fed  with 
the  various  extracts,  fractions,  etc.,  prepared  by  the  Chemical  Division, 
both  forced  and  natural  feeding  being  used.  It  was  the  intention  to 
make  a  thorough  and  detailed  study  of  the  postmortem  and  pathological 
lesions  found  but  owing  to  the  unsatisfactory  conditions  attending  the 
unsanitary  quarters  and  equipment  for  the  animal  room  this  plan  had 
to  be  temporarily  abandoned.  The  same  state  of  affairs  caused  the  post- 
ponement of  the  experiments  as  to  the  possibility  of  immunizing  small 
animals  against  the  cottonseed  meal  poisoning;  study  of  the  conditions 
of  the  blood  in  cottonseed  meal  poisoning,  etc. 

More  satisfactory  quarters  and  equipment  for  the  animal  room  have 
been  obtained  and  the  above  lines  of  work  are  now  in  progress  with 
every  indication  of  obtaining  satisfactory  results. 

A  small  amount  of  time  was  used  during  the  year  in  a  study  of  fowl 
cholera.  Besides  assisting  in  repressive  measures  some  sixty-odd  autop- 
sies were  made,  symptoms  and  lesions  noted,  and  the  causative  organism 
studied  to  some  extent. 

WORK  CONTEMPLATED. 

The  cottonseed  meal  project  will  continue  to  occupy  the  major  part  of 
the  time  of  the  Pathologist.  The  experiments  already  under  way  and 
those  to  follow  as  the  work  progresses  will  be  cooperative  work  with  the 
other  Divisions  working  on  this  project.  The  particular  field  of  this 
Division  will  be  the  supervision  and  care  of  the  animal  room  and  animal 
feeding  observations,  autopsy  and  pathological  study  of  the  smaller 
experimental  animals  and  the  planning  and  execution  of  the  experi- 
ments on  this  project  from  the  pathological  and  physiological  side. 

It  is  hoped  that  opportunity  and  facilities  will  be  granted  for  work  on 
vaccination  against  fowl  cholera. 

The  usefulness  of  this  and  of  the  Veterinary  Division  would  be  en- 
larged were  it  possible  to  undertake  the  diagnosis  in  the  laboratory  of 
the  cases  brought  to  the  attention  of  the  Veterinarian,  most  of  which  are 
either  too  indefinite  or  of  a  character  which  renders  it  impossible  to 
make  a  diagnosis  through  the  brief  description  of  the  symptoms  con- 
tained in  a  letter. 

The  research  work  of  this  Division  would  be  more  valuable  were  it 
possible  to  cooperate  with  the  State  Veterinarian  in  the  study  of  the 
infectious  diseases  which  he  encounters  in  his  frequent  visits  to  differ- 
ent parts  of  the  State.  In  the  absence  of  a  State  Veterinary  Laboratory, 
the  Animal  Pathology  Division  of  the  Station  seems  to  be  the  logical 
place  to  undertake  this  work,  and  it  is  hoped  that  something  along  this 
line  may  be  undertaken  in  the  near  future.  ,  ^  ,, , ,i . 

Respectfully  submitted,  ^'^'^^^ '''  V:.UU^l^ 

Jos.  D.  Cecil, 

Animal  Pathologist. 
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RECEIPTS  AND  EXPENSES. 

North  Cabolina  Agricultttral  Expertmen^t  Station  in  Account  with  thb 
United  States  Appropriations,  1910-1911. 

Dr. 

To  receipts  from  the  Treasurer  of  the  United  States,  as  per  appropriations 
for  the  fiscal  year  ending  June  30,  1911,  under  Acts  of  Congress,  approved 
March  2,  1887,  and  March  16,  1906: 

Hatch  Fund 115,000.00 

Adams  Fund  15,000.00 

Cr. 

Hatch  Fund.  Adams  Fund. 

By  salaries  16.186.94  110.656.98 

Labor   2.688.75  1,129.28 

Postage  and  stationery 266.57  183.22 

Freight  and  express 188.37  108^2 

Heat,  light  and  water 295.70  37.20 

Chemical  supplies 42.70  466.21 

Seeds,  plants  and  sundry  supplies 573.84  113.49 

Fertilizers    892.27  439.44 

Feeding  stuffs 1,689.21  329.56 

Library  ....'. 134.13  206.10 

Tools,  implements  and  machinery 679.39  341.81 

Furniture  and  fixtures 137.22  61.93 

Scientific  apparatus 4.65  283.15 

Live  stock 609.65  276.76 

Traveling  expenses  408.49  288.24 

Contingent    29.00  

Buildings  and  land 273.22  89.42 

Total 116.000.00        116,000.00 

We,  the  undersigned,  duly  appointed  auditors  of  the  corporation,  do  hereby 
certify  that  we  have  examined  the  books  and  accounts  of  the  North  Carolina 
Experiment  Station  for  the  fiscal  year  ending  June  30,  1911;  that  we  have 
found  the  same  well  kept  and  classified  as  above,  and  that  the  receipts  for  the 
year  from  the  Treasurer  of  the  United  States  are  shown  to  have  been  130.000, 
and  the  corresponding  disbursements  130.000;  for  all  of  which  proper  vouch- 
ers |ire  on  file  and  have  been  by  us  examined  and  found  correct,  thus  leaving 
nothing. 

And  we  further  certify  that  the  expenditures  have  been  solely  for  the  pur- 
poses set  forth  in  the  Acts  of  Congress,  approved  March  2,  1887,  and  March 
16,  1906. 

(Signed)  W.  E.  Danikl. 

J.VO.  O.  ElXINOTON. 

O.  Max  Gabo.ner. 
(Seal.)  Audiion. 

Attest:     A.  F.  Bowen,  Custodian. 


Digitized  by  LjOOQIC 
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SCIENTIFIC  PAPERS 

DOUBLE  BLOSSOM  OF  THE  DEWBERRY  A2JD  THE 
BLACKBERRY.^ 


P.  C.  Reimeb  and  L.  R.  Detjen. 


Ever  since  dewberries  and  blackberries  have  been  grown  in  America  on  a 
commercial  scale  the  marketable  crops  of  certain  varieties  have  been  con- 
siderably reduced  by  a  serious  disease  commonly  known  as  Double 
Blossom.  Usually  one  or  two  good  crops  of  berries  are  gathered  and 
then  the  trouble  begins.  The  berry  patch  becomes  more  and  more 
infested  and  rapidly  declines  in  productiveness  until  soon  the  whole  field 
becomes  unprofitable. 


Fio.  1. 


-Early  stage  of  the  "witchei  broom"  on  Lucretia  dewberry.     The  two  canes  on  the  left  show 
the  broom  formation;  while  the  one  on  the  right  shows  the  normal  growth. 


The  consensus  of  opinion  among  fruit  growers  generally  is  that 
spraying  with  fungicides  has  no  eflFect  on  the  spread  of  this  disease. 
This  leads  some  to  believe  that  the  double  blossom  is  not  caused  by  a 
microorganism,  but  that  it  is  a  peculiar  physiological  condition  of  the 
leaf  and  flower  buds. 


•Specimens  of  this  fungus  were  sent  to  Dr.  M.  T.  Cook  of  the  Delaware  SUtion,  who  identified  it 
ss  Fusarium  rubi.  Winter. 
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To  determine  the  cause  of  the  trouble  an  experiment  was  planned  and 
begun  in  the  spring  of  1908.  Because  of  the  two  views  prevalent  as  to 
the  cause  of  the  double  blossom  two  lines  of  investigation  were  followed, 
viz. :  physiological  and  the  pathological. 

Physiolocjical  Investigation. 

The  physiological  investigation  was  conducted  principally  along  four 
lines,  to  determine — 

(1)  Whether  the  double  blossom  is  caused  by  severe  pruning. 

(2)  Whether  the  witches  broom  is  the  result  of  a  luxuriant  outgrowth 
from  frost-bitten  branchlets. 


Fio.  2.— Double  hloasom  on  the  Wilson  blackberry. 


(3)  Whether   the  witches  brooms  and   the  sterile  blossoms  are  the 
result  of  immature  and  imperfect  scale-buds. 

(4)  Whether  insects,  especially  aphids,  are  indirectly  the  cause  of  the 
brooms. 

EFFECT  OF  PRUNING  ON   DOUBLE   BLOSSOM. 

In  the  spring  of  1909  a  field  of  Wilson  blackberries  was  laid  off  into 
six  plats  of  three  rows  each?    When  the  young  shoots  were  sufficiently 
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high  the  canes  on  each  of  the  plats  were  pruned  down  to  12,  18,  24,  30, 
and  36  inches  respectively,  and  the  sixth  plat  was  left  unpnined  as  a 
check. 

No  rosettes  or  brooms  developed  in  either  of  the  plats.    Pruning  then 
gave  us  only  negative  results. 

EFFECT  OF  COLD  ON  DOUBLE  BLOSSOM. 

If  the  witches  broom  is  the  result  of  a  luxuriant  outgrowth  from  frost- 
bitten branchlets  then  it  could  be  easily  produced  artificially. 

It  was  frequently  noticed  that  whenever  a  leaf  dropped  prematurely, 
either  from  disease  or  otherwise,  the  axillary  bud  would  begin  growth. 
The  resulting  immature  shoot,  being  tender  and  exposed  to  the  elements 
o£  Tvinter,  was  frequently  killed  back  nearly  to  the  cane  whence  it 
sprung.  The  tip  being  killed,  new  growth  would  push  out  from  the 
basal  or  scale-buds  of  the  injured  member  and  since  severe  winter  prun- 
ing induces  wood  growth  the  result  would  be  a  witches  broom. 

To  investigate  we  clipped  off  on  June  21,  1909,  one  whole  crop  of 
leaves  from  every  third  row  of  the  Wilson  blackberry  patch,  and  on 
July  19  a  second  crop,  with  the  exception  of  that  from  the  first  row.  No 
witches  brooms  were  formed  on  any  of  the  rows  as  a  result  of  this  kind 
of  treatment. 

To  determine  whether  frost  is  the  cause  of  the  formation  of  the 
witches  broom  young  canes  from  badly  infected  patches  were  transferred 
to  the  greenhouse. 

The  transplanting  occurred  in  October,  some  time  before  frost.  These 
canes,  however,  developed  brooms  just  as  freely  as  those  left  out  of  doors 
in  the  affected  patch.  This  seems  to  establish  the  fact  that  frost  plays 
no  part  in  the  development  of  double  blossom  of  the  berry  canes. 

THE  RELATION  OF  SC ALE-BUDS  TO  DOUBLE  BLOSSOMS. 

Another  theory  advanced  was  that  the  scale-buds  did  not  have  time  to 
mature  and  properly  develop  perfect  flower  buds:  hence  their  sterility; 
and  that  the  witches  broom  is  an  abnormal  growth  resulting  from  the 
forcing  immature  scale-buds. 

To  investigate  this  theory  we  selected  on  October  4,  1909,  two  lots  of 
buds.  One  lot,  consisting  of  351  buds,  was  treated  by  removing  only  the 
apical  portion  of  the  primary  bud,  thus  leaving  the  secondary  and  scale 
buds  unharmed.  Of  these  351  buds  119  developed  shoots  and  only  21 
developed  fruit.  Of  these  21  shoots  15  developed  from  secondary  and  6 
from  scale-buds. 

The  results  seem  to  indicate  that  shoots  arising  from  secondary  and 
scale-buds,  when  flowers  are  produced,  will,  all  other  conditions  being 
favorable,  develop  well  formed  fruit. 

The  number  of  branches  to  the  brooms  ranged  from  1  to  3.  Of  the 
119  growing  buds  97  produced  one  branch,  14  produced  two  branches, 
and  8  three  branches. 

In  most  of  the  cases  the  secondary  only  developed  in  place  of  the 
primary  bud.     Sometimes  the  secondary' and  one  or  two  scale-buds  de- 
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veloped.  While  most  of  the  shoots  were  flowerless  like  those  of  the 
witches  broom,  yet  not  one  developed  any  abnormal  flower. 

Since  in  the  treatment  outlined  above  the  secondary  bud  usually  takes 
the  place  of  the  injured  primary,  and  since  the  secondary  bud  is  better 
developed  than  any  scale-bud,  a  second  lot  consisting  of  267  buds  was 
selected  on  the  same  date,  in  which  the  apical  portion  of  both  the  pri- 
mary and  the  secondary  buds  was  removed.  This  operation  throws  all 
the  growth  into  the  production  of  adventitious  branches. 

The  results  of  this  work  are  as  follows:  Of  the  267  buds  that  were 
treated  only  43  put  forth  branches.  Of  these  33  produced  one  branch,  7 
two,  2  three,  and  1  four  branches. 


Fio.  3.— Lucretia  dewberry  canes  showing  affected  flowers  and  bud  on  the  right,  and  a  normal  flower 

and  bud  on  the  left. 

Of  the  43  branches  that  leafed  out  only  three  bore  fruit,  each  bearing 
one  berry  to  the  cluster ;  three  had  normal  flowers,  and  the  rest  produced 
only  sterile  branches. 

The  size  of  the  brooms  was,  as  noted  above,  from  one  to  four  branches 
— not  at  all  characteristic  of  the  double  blossom. 


RELATION  OF  APHIDS  TO  DOUBLE  BLOSSOM. 

It  was  noticed  that  whenever  a  sufficient  number  of  aphids  attack  the 
young  growth  of  blackberries  an  abnormal  swelling  of  the  cane  results. 
An  equally  deformed  fruit  panicle  may  result  whenever  the  attack  is 
directed  to  a  leaf  bud. 
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To  determine  their  influence  three  canes  that  were  covered  with  green 
aphids  and  were  already  deformed  on  the  extremities  were  transferred 
from  the  field  to  the  greenhouse. 

These  canes  developed  normal  leaves  and  branches,  with  the  exception 
of  one,  which  produced  a  witches  broom.  This  broom,  however,  was  not 
the  result  of  the  work  of  aphids,  but  as  will  be  seen  later,  the  natural 
outcome  of  having  stood  in  the  field  in  too  close  proximity  with  diseased 
canes. 

The  fact  that  the  other  two  canes  did  not  produce  any  apparent 
symptoms  of  the  disease  is  good  evidence  that  aphids  do  not  cause  the 
double  blossom  of  the  berry  canes. 

Pathological  Investigation. 

All  the  above  work  has  given  us  only  negative  evidence  on  the  disease 
question  and  brought  us  little  or  no  nearer  to  the  solution  pf  the  prob- 
lem. Therefore,  the  pathological  side  of  the  question  contained  the  only 
possible  solution  to  the  problem  within  the  scope  of  the  investigation. 

Looking  at  the  problem  from  this  view  point  the  work  naturally  falls 
into  four  lines  of  procedure. 

1.  To  determine  whether  the  double  blossom  is  infectious. 

2.  The  finding  of  the  parasitic  organism  and  its  isolation  in  pure 
culture. 

3.  Inoculation  of  plants  and  production  of  the  characteristic  symp- 
toms of  the  disease. 

4.  The  re-isolation  of  the  organism  from  the  artificially  inoculated 
plants. 

To  determine  whether  the  double  blossom  is  infectious  and  whether  the 
disease  spreads  from  the  old  to  the  young  canes  three  blackberry  (B. 
nigrobaccus)  and  six  dewberry  plants  (R.  villosus)  were  grown  from  root 
cuttings  of  wild  plants. 

On  March  14,  1910,  two  of  these  blackberry  plants  and  four  dewberry 
plants  were  set,  without  removing  the  flower  pots,  among  diseased  canes 
of  wild  blackberries.  Here  the  plants  were  left  for  the  remainder  of  the 
summer. 

The  remaining  blackberry  plant  and  the  two  dewberry  plants  were  set 
out  as  check  plants,  not  among  diseased  but  among  healthy  canes,  and 
left  there  for  the  remainder  of  the  year. 

On  February  2, 1911,  all  plants  were  gathered  up  and  set  in  the  green- 
house for  developments. 

The  two  blackberry  plants  that  had  been  standing  among  diseased 
canes  showed,  on  March  17,  one  diseased  leaf  bud  on  one  plant  and  two 
on  the  other. 

Of  the  four  dewberry  plants  similarly  treated  one  died  before  putting 
forth  its  leaves,  two  produced  one  broom  apiece,  and  the  fourth  produced 
eleven  distinguishable  witches  brooms: 

The  check  plants,  both  blackberries  and  dewberries,  are  perfectly 
healthy  and  show  no  symptoms  of  disease.  juuy  it: 

This  is  strong  evidence  that  the  disease  commonly  known  as  double 
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blossom  is  transmitted  from  the  old  to  the  young  canes.  Our  second  step 
was  to  find  in  the  diseased  buds  a  parasitic  organism  that  can  be  isolated 
in  pure  culture. 

Numerous  buds  of  apparently  healthy  canes  that  stood  in  the  diseased 
clumps  were  examined  under  the  microscope.  A  fungus  was  detected, 
isolated,  and  grown  in  pure  culture. 


Fia.  4.— Witches  broom  and  empty  cal.x-ses  of  Wilson  blackberry  flowers. 


The  media  us»'d,  on  which  to  grow  the  fungus,  were  ten  per  cent  and 
thirty  i)cr  cent  saccharose  solutions,  blackberry  leaves,  and  blackberry 
leaf  agar. 

The  vegetable  growth  was  most  luxuriant  in  the  saccharose  solutions 
and  on  the  agar,  and  the  least  on  the  blackberry  leaves,  however,  the 
fungus  produced  spores  earlier  on  the  leaves,  while  in  the  solutions  and 
on  the  agar  little  or  no  spore  production  was  observed. 

The  next  step  was  to  make  inoculations  on  bl a ckberrie^i^nd  dewber- 
ries that  would  cause  the  disease. 
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Root  cuttings  of  the  wild  high  bush  blackberry  (B.  nigrobaccns)  were 
made  from  which  to  grow  perfectly  healthy  plants.  Also  tip  layers  of 
the  Lucretia  dewberry  were  selected  and  all  transferred  in  January, 
1910,  to  the  greenhouse,  so  as  to  avoid  possible  infection  by  wind  and 
insects. 

In  all  25  dewberry  plants  were  selected  for  the  test,  23  for  inocula- 
tion and  two  for  check  plants.  Of  the  blackberry  plants  35  were 
selected  for  the  experiment,  32  for  the  inoculation  and  3  for  check 
plants. 

On  February  19,  1910,  when  the  plantlets  had  attained  a  height  of 
six  inches,  the  first  inoculations  were  made,  both  on  blackberries  and 
dewberries.  These  were  made  by  dropping  onto  the  axillary  leaf-buds 
a  suspension  of  spores  of  the  fungus  in  tap  water.  Similar  inoculations 
were  made  on  February  28,  March  4,  11,  16,  23,  and  27. 


FiQ.  5. — Spores  of  Fusarium,  rubi.  Winter. 


On  March  28  dry  spores  and  mycelium  were  introduced  into  all  of 
the  available  leaf  buds  of  the  plants  with  the  aid  of  the  blunt  point  of 
a  needle. 

On  April  2  and  7  a  suspension  of  spores  was  again  dropped  onto  all 
available  buds  of  both  lots  of  plants.  On  April  13  the  larger  buds  were 
again  pricked  with  a  blunt  needle,  but  instead  of  dry  spores  being  intro- 
duced a  suspension  of  spores  was  simply  dropped  onto  all  injured  buds. 

On  April  20  and  29,  on  May  7,  14,  20,  and  28,  and  aho  on  June  11 
and  23,  spores  in  suspension  were  dropped  over  the  uninjured  and 
previously  injured  buds. 

On  June  29,  July  5  and  28,  and  August  5,  small  colonies  grown  in 
saccharose  solutions  and  fragments  of  mycelium  of  the  fungus  suspended 
in  water  were  dropped  onto  the  later  formed  leaf  buds. 

The  two  dewberry  plants  and  the  three  blackberry  plants  reserved  as 
check  plants  were  kept  in  another  part  of  the  green hg^]^^^s^ji|§0iQt4^ 
become  infected  from  the  liberated  spores. 
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The  inoculated  plants  were  kept  in  a  cool  room  of  the  house  and  bj 
November  30  they  had  grown  to  a  length  of  18  feet. 

On  January  3,  1911,  the  bottom  leaf  buds  on  the  canes  of  both  dew- 
berries and  blackberries  began  to  swell.  These  later  on  proved  to  be 
typical  cases  of  the  double  blossom. 

The  check  plants  did  not  begin  growth  until  about  February  11,  1911, 
and  on  March  21  they  did  not  show  a  sign  of  the  double  blossom  diaea^. 
although  the  infected  flower  buds  on  the  inoculated  canes  were  blooming 
profusely. 

Of  the  23  inoculated  dewberry  plants  22  produced  witches  brooms  and 
only  one  did  not  develop  the  disease. 

On  March  17,  1911,  these  23  dewberry  canes  showed  a  total  of  90 
witches  brooms.  The  check  plants  produced  no  brooms  and  developed 
no  symptoms  of  the  disease. 

Of  the  32  inoculated  blackberry  canes  16  died  down  to  the  ground 
after  the  spore  inoculation,  but  new  canes  sprung  forth  before  the  treat- 
ment with  the  mycelium.  These  16  new  canes  produced  only  one  witches 
broom. 

The  other  16  plants  did  not  put  forth  any  new  growth,  but  have  re- 
mained alive  up  to  the  present  writing.  Of  this  lot  11  out  of  16  plants 
showed  the  diseased  buds  and  five  had  no  apparent  symptoms. 

These  11  affected  canes  showed  on  March  17,  1911,  a  total  of  78 
characteristic  witches  brooms. 

On  November  15  and  December  5,  1910;  also  on  January  30,  1911,  a 
total  of  157  dewberry  buds  and  139  blackberry  buds  were  inoculated 
with  mycelium  from  the  saccharose  solutions  and  the  blackberry  agar. 

Of  the  157  dewberry  buds  only  seven  showed  the  symptoms  of  the 
disease  and  the  balance  remained  apparently  unaffected. 

Of  the  139  blackberry  buds  only  one  showed  the  diseased  condition 
and  the  balance  were  apparently  healthy. 

Evidently  this  last  inoculated  lot  of  buds  was  too  far  advanced  for  the 
fungus  to  get  a  secure  foothold. 

Fearing  that  the  greenhouse  conditions  were  not  suitable  for  the 
development  of  the  fungus,  inoculations  were  made  out  of  doors  on 
April  30,  1910. 

The  spot  selected  is  in  a  little  grove  of  mixed  deciduous  trees.  No 
traces  of  the  witches  brooms  were  to  be  found  in  the  vicinity  and  the 
blackberry  canes  growing  there  were  all  vigorous. 

On  April  30,  1910,  healthy  canes  were  selected  out  of  the  midst  of  a 
clump  for  the  purpose  of  inoculation.  Spores  were  used  to  tranfer  the 
fungus  and  each  inoculated  cane  was  carefully  marked. 

All  of  the  adjacent  canes  were  left  as  a  check. 

On  March  17,  1911,  observations  showed  that  three  of  the  ten  canes 
had  died  during  the  winter,  but  the  remaining  seven  were  covered  with 
miniature  rosettes — 79  in  all. 

The  adjacent  canes  were  carefully  examined  and  buds  were  dissected 
under  the  microscope,  but  no  trace  of  the  fungus  could  be  found. 

The  experiment  corroborated  the  results  thaliti^y^^^^  obtained  in  the 
greenhouse. 
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In  order  to  determine  whether  the  witches  brooms  that  were  produced 
in  these  experiments  were  caused  by  the  same  parasitic  fungus  obtained 
from  field  specimens,  the  work  of  re-isolating  the  organism  from  the 
artificially  produced  witches  brooms  was  begun.    The  fungus  was  easily 
extracted  from  the  diseased  buds  and  isolated  in  pure  culture.     This 
newly  isolated  fungus  corresponds  in  all  particulars  with  the  original. 
1 1  shows  the  same  fish-net  like  growth  of  the  mycelium  in  the  leaf  buds ; 
the  same  peculiar  crystals  of  salt  that  are  always  associated  with  the 
mycelium  in  the  bud;  the  same  method  of  spore  production;  the  same 
shape,  size,  and  hyaline  color  of  the  spores;  the  same  greenish  by- 
product when  grown  on  artificial  cultural  media. 

In  every  respect,  so  far  as  can  be  determined,  this  fungus  is  identical 
with  the  one  always  found  in  the  diseased  buds  in  the  field. 

SYMPTOMS  OF  THE  DISEASE. 

The  double  blossom  disease  is  caused  by  a  parasitic  fungus  that  lives 
first  in  the  leaf  buds  of  the  young  canes,  and  as.  they  develop  it  spreads 
over  the  entire  resulting  rosette.  The  worst  damage  results  from  the 
infestation  of  the  floral  organs,  which  means  death  to  the  embryonic 
berry. 

In  the  early  part  of  November  the  mycelium  can  be  detected  with  the 
aid  of  a  microscope  in  the  affected  buds  of  young  canes.  Upon  dissec- 
tion of  the  buds  in  January  it  comes  out  in  flake-like  particles,  and  these 
under  the  microscope  have  the  appearance  of  torn  and  imperfect  fish- 
nets. All  through  the  winter  months  the  fungus  continues  to  develop 
inside  of  the  bud  until  by  the  end  of  February  all  of  the  interstices 
between  the  embryonic  leaves  are  completely  filled. 

As  a  rule  on  the  outside  of  the  bud  no  visible  change  occurs  until  the 
appearance  of  the  warm  days  of  spring,  when  the  most  affected  buds 
begin  to  swell  prematurely  and  push  forth  their  leaves.  These  usually 
have  a  reddish  color,  which  can  be  seen  at  some  distance. 

Instead  of  one  normal  shoot  growing  from  the  bud  a  great  indefinite 
number  may  appear,  which  cluster,  later,  at  maturity,  is  spoken  of  as  the 
"witches  broom." 

When  the  buds  are  only  partly  affected  so  that  the  flower  buds  alone 
suffer,  then  these  symptoms  can  not  be  detected  by  the  naked  eye,  and 
later  developments  alone  will  manifest  the  disease. 

If  the  infested  leaf  buds  can  be  distinguished  in  the  fall  of  the  first 
year  then  the  cutting  out  of  the  affected  canes  can  be  accomplished 
early,  and  thus  curb  the  spread  of  the  epidemic. 

To  determine  whether  this  diagnosis  can  be  made  in  the  fall  of  the 
year,  160  lateral  leaf  buds  that  looked  suspicious  were  labelled  in  1909 
and  their  development  noted  in  the  following  season. 

Observations  showed  that  of  the  160  buds  so  labelled  not  one  developed 
the  witches  broom.  However,  it  was  noticed  later  that  some  of  the  very 
earliest  and  worst  affected  leaf  buds  do  prematurely  push  forth  a  minia- 
ture broom  in  the  fall  of  the  first  year,  but  these  are  only  a  very  small 
percentage  of  the  total  number  of  buds  so  affected.  Digitized  by  n^OUV  It: 
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Instead  of  killing  the  young  leaf  bud  from  the  start  the  fungus  stim- 
ulates it  to  more  vigorous  growth,  increasing  thereby  its  food  supply  and 
causing  the  familiar  cluster  of  branches  commonly  known  as  the 
witches  broom. 

These  brooms  may  be  large  or  small,  depending  upon  the  size  and 
vigor  of  the  parent  plant.  It  is  a  peculiar  but  well-known  fact  that 
these  brooms  are  formed  primarily  by  the  development  of  basal  or 
scale-buds  of  the  new  shoot  or  shoots.  Most  of  these  resulting  branches 
are  sterile  and  will  not  put  forth  any  flower  buds.  The  normal  fruit 
panicle,  after  having  spent  all  of  its  energy  in  the  production  of  woody 
and  leaf  tissue  in  the  broom  formation,  is  materially  reduced  in  siae  and 
number  of  fruit  buds.  The  flowers  that  develop  both  from  the  branches 
and  from  the  terminal  panicle  of  the  broom  are  usually  so  infested  with 
the  fungus,  and  the  floral  organs  are  so  distorted  that  no  fruit  develop- 
ment could  possibly  ensue. 

TREATMENT  OF  THE  DISEASE. 

Our  spraying  experiments  have  not  been  conducted  long  enough  to 
give  conclusive  results  as  to  whether  spraying  will  be  practical  in  the 
treatment  of  this  disease.  The  results  so  far  indicate  that  spraying  will 
not  prove  a  practical  remedy. 

The  best  treatment  that  we  can  recommend  for  this  disease  in  this 
State  at  the  present  time  is  to  cut  off  all  the  dewberry  canes  (both  young 
and  old)  at  the  surface  of  the  ground  as  soon  as  the  picking  season  is 
over.  The  canes  should  then  be  removed  from  the  patch  and  burned. 
This  treatment  removes  all  the  old  diseased  canes  and  any  young  canes 
that  have  become  infected  early  in  the  season.  Where  this  treatment  is 
given  every  year  the  disease  is  kept  under  absolute  control. 

The  treatment  outlined  above  is  now  being  given  by  nearly  all  of  the 
growers  in  this  State  to  control  anthracnose  and  leaf  spot.  Hence  the 
one  treatment  will  control  the  three  most  serious  diseases  of  the  dew- 
berry. 

The  varieties  of  blackberries  most  seriously  affected  by  double  blossom 
are  now  seldom  planted  in  this  State.  We  now  have  varieties  of  black- 
berries that  so  far  have  proved  resistant  to  this  disease  which  ought 
to  replace  the  affected  varieties  entirely.  Where  the  affected  varieties 
are  grown  the  best  remedy  will  probably  be  to  destroy  the  affected  parts 
early  in  the  spring  before  the  blooming  season. 
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PRELIMINARY  REPORT  OF  INVESTIGATIONS  WITH  THE 

CORN  BILL  BUG. 

Particularly  with  Sphenophorus  callosus. 
By  R.  I.  Smith,  Entomologist. 


The  corn  bill  bug,  Sphenophorus  callosus,  was  reported  as  doing  unus- 
ual damage  in  the  spring  of  1910,  in  Camden  and  other  of  the  coastal 
counties.  This  damage  was  reported  to  Director  Williams  with  a 
request  that  the  Station  commence  an  investigation  of  this  pest,  which, 
the  com  growers  stated,  was  increasing  in  alarming  numbers.  To  pre- 
pare for  complying  with  this  demand  your  Entomologist  made  a  trip  to 
Columbus  and  Robeson  counties,  where  he  found  some  very  serious  bill 
bug  injury.     On  June  20,  1910,  at  Braswell,  Columbus  County,  on  a 


Fio.  6. — S.  eallo9u*.    Adult  Beetle  stage  of  Com  Bill  Bug:  On  left  and  middle,  males,  photomph 
of  dead  specimens:  on  right,  live  female  standing  on  glass,  in  natural  position,  ready  to  walk. 

(Original.) 


farm  owned  by  F.  T.  Shepherd,  a  corn  field  was  discovered  at  a  time 
when  the  third  planting  of  com  was  being  destroyed  by  the  bill  bugs, 
even  though  the  latter  were  comparatively  scarce,  because  of  hundreds 
having  been  collected  by  hand  during  the  previous  two  or  three  weeks. 
On  this  same  trip  bill  busfs  were  discovered  and  collected  at  ChadbouriK 
(in  a  rice  field  principally),  and  at  three  points  in  Robeson  County,  \ 
namely,  Lumberton,  Proctorville,  and  Elrod.     At  all  these  places  the\  | 
bill  bugs  were  found  to  be  laying  eggs  and  breeding  in  the  corn  plats,  a 
condition  that  was  not  previously  luiown  to  exist  in  this  State.     Practi- 
cally all  previous  reports  state  that  the  bill  bugs  breed  entirely  in  rice 
and  sedge  grasses,  but  not  in  corn. 

The  bill  bugs  collected  on  this  trip,  from  the  points  mentioned,  were\ 
taken  to  West  Raleigh  and  kept  alive  on  green  com  stalks  in  which  they  \ 


\ 
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continued  to  lay  eggs  until  after  September  3,  and  probably  later,  bur 

after  that  date  they  were  given  no  further  careful  attention,  except  to 

lie  given  occasional  fresh  food.  /Of  this  lot  of  beetles  collected  June  20. 

/^1910,  originally  17  in  number,  16  were  found  alive  on  February  14, 

V  .   j     1911,  but  on  March  1  all  were  dead.    During  the  winter  the  beetles  were 

v\/  I      kept  in  a  large  glass  jar  half  full  of  earth,  in  which  they  remained 

buried,  except  on  warm  days,  when  two  or  three  were  sometimes  seen 

^moving  about  on  the  surfaccy/if  these  beetles  had  not  been  disturbed. 

as  was  necessary  to  determine  their  condition,  some  would  doubtless  have 

lived  longer.    This  represents  the  first  of  the  bill  bug  investigation. 

On  August  27,  1910,  an  outline  of  a  proposed  investigation  of  the 
injurious  species  of  Sphenophorus  occurring  in  North  Carolina,  but  es- 
pecially the  principal  injurious  species,  Sphenophorus  callosus,  was  sub- 
mitted and  accepted  as  an  Adams  Fund  project. 
/    The  preliminary  report  herewith  given,  records  the  general  observa- 
[    tions  and  study  which   was   desirable   before  commencing   a   careful 
llife  history  investigation  of  these  insects,  such  as  is  now  under  way. 
j^'he   investigation  will   doubtless   cover   two    or   three   years,   as  the 
writer  can  not  take  up  all  phases  of  the  study  in  one  season  without 
assistance. 

During  the  trip  to  Hobeson  and  Columbus  counties,  about  June  20. 
1910,  the  young  stages,  that  is,  eggs,  larvsB,  and  pupap,  were  secured,  and 
enough  information  obtained  to  enable  the  writer  to  search  intelligently 
for  this  pest  in  other  places.     This  resulted  in  hLs^nding  Sphenophorus 
C\f  callosus Jbreeding  in  certain  species  of  Cyperus  grasses/growing  in  corn 
nelds  at  West  Kaleigh,  and,  later,  in  finding  out  other  food  plant*, 
which  are  recorded  below. 
^  On  July  28,  1910,  bill  bug  eggs  and  larvae  were  discovered  in  the  stems 
f     and  roots  of  Elegant  Nutgrass,  Cyperus  flavicomus,  in  bottom  land  ai 
West  Raleigh.    A  few  eggs,  but  no  larvsB,  were  found  in  some  young  com 
plants.      During   August    and    September   many   Sphenophorus   larvff. 
pupsB,  and  adults  were  collected  from  Cyperus  fiacicomus  growing  in 
com  fields  about  West  Raleigh/all  the  specimens  proving  to  be  S.  cal- 
losus. 

On  October  5-7,  1910,  a  trip  was  made  to  Lumberton,  Chadboum. 
Proctorville,  and  Pembroke,  to  collect  bill  bugs  to  keep  during  the  win- 
ter for  life  history  work  this  spring.  It  proved  impossible  to  find  more 
than  one  or  two  beetles  in  the  com  fields  where  the  eggs  and  larvue  were 
found  in  abundance  during  the  June  trip,  but  a  rice  field  at  Pembroke 
and  another  at  Chadbourn  yielded  a  number  of  beetles  which  were  taken 
into  the  laboratory  and  kept  in  jars  of  earth  during  the  winter.  Pup«. 
from  which  adult  beetles  were  reared,  were  also  taken  on  this  trip.  New 
food  plants  were  also  discovered. 

FOOD   PLANTS. 

>-  '  The  food  plants  thus  far  deteFm^iaed  ara^isted  herewith.  Eggs,  larvc 
and  in  some  instances  pupae,  of  S.  callosus,  have  been  taken  from  the 
roots,  or  beneath  the  roots,  of  the  following  plants.     Breeding  in  com 
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at   Braswell,  Elrod,  Chadbourn,  Proctorville,  St.  PauPs,  Pembroke,  and 
Ttaleigh,  June  to  October,  1910. 

Breeding  in  Cyperus  flavicomus,  July  and  August,  1910,  at  Ralelghi 
Breeding  in  Cyperus  atrigoaus,  October  4,  1910,  at  Lumberton.  \  K, 

Breeding  in  Cyperus  strigosus,  October  6,  1910,  at  Cbadboum.  \/\ 

;      Breeding  in  Cyperus  cylindricus,  October  4,  1910,  at  Proctorville.      [ 
Breeding  in  Cyperus  overlaris,  October  7,  1910,  at  Pembroke.  / 

^     Breeding  in  Rice,  October  5-7,  1910,  at  Chadbourn  and  Pembroke.   / 
.    Breeding  in  Cyperus  esculentus,  June,  July,  1911,  at  Raleigh.        ^ 

It  is  probable  that  many  other  Cyperus  grasses  and  probably  some 
€>ther  closely  related  grasses  will  prove  to  be  food  plants. 

WINTER   STAGE. 

Judging  from  the  actions  of^he  beetles  confined  during  the  past 
Avinter  months  in  glass  jars  on  several  inches  of  earth,  it  seems  that  they         ^ 
/normally  lie  buried  from  one  to  three  or  four  inches  deep,  but  sometimes  ^'*Y 
M>eeome  active  during  warm  spells.     This  seems  all  the  more  certain       \ 
l>ecause  the  writer  has  spent  many  hours  searching  for  bill  bugs  this  past 
winter,  but  has  never  found  any  of  them  uixder  weeds,  trash  or  materials 
where  they  would  hide  if  they  remained  above  ground. 

On  March  28,  1911,  the  writer  went  to  Chadbourn,  Columbus  County, 
for  the  express  purpose  of  trying  to  find  corn  bill  bugs.  A  visit  was 
made  to  a  rice  field  where  the  insects  were  breeding  freely  last  year, 
and  several  hours  were  spent  in  hunting  for  the  bill  bugs,  in  all  possible 
situations.  Everything  under  which  they  could  hide,  weeds,  bush, 
stones,  etc.,  were  examined,  but  no  beetles  were  found.  After  some  two 
hours'  search  one  bill  bug  was  discovered  in  the  dead  grass  on  a  mound 
of  earth  around  a  stump  in  the  edge  of  the  rice  field.  This  beetle  was 
alive  and  active,  evidently  having  emerged  from  its  winter  shelter. 
Much  rice  stubble  was  also  dug  up  and  the  roots  searched  for  bill  bugs, 
but  with  no  success.  A  nutgrass  field,  Cyperus  strigosus,  near  by,  where 
bill  bu^s  were  breeding  freely  last  October,  was  next  examined,  but  no 
sign  of  the  bill  bugs,  except  evidence  of  their  work  in  the  roots,  could  be 
found.  This  search  indicated  that  the  beetles  must  be  buried  in  the  soil, 
unless  they  had  deserted  the  field  for  parts  unknown. 

On  March  30,  at  Braswell,  a  whole  day  was  spent  searching  for  bill 
bugs,  but  with  no  success.  This  was  the  place  where  corn  of  the  third 
planting  was  destroyed  in  June,  1910. 

On  March  31  a  rice  field  at  Pembroke  was  visited  and  several  hours 
were  spent  looking  for  bill  bugs,  both  above  and  below  ground.  Not  a 
single  specimen  was  seen. 

During  the  month  of  April  last,  several  field  trips  were  made  around 
Raleigh,  searching  for  bill  bugs  in  places  where  they  were  breeding  in 
Cyperus  grasses  last  fall.  The  beetles  were  searched  for  in  all  manner 
of  situations,  under  all  kinds  of  protection,  and  in  the  soil  under  some 
dead  Cyperus  plants  which  w^cre  discovered.  Several  plants  in  which 
the  Sphenophorus  larva*  had  fed,  were  discovered,  but  t|JtSe?by^cFG§^ 
of  the  insects.  ^ 
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The  beetles  that  were  kept  all  winter  in  jars  of  earth  were  examlneii 
at  different  dates,  and,  as  already  stated,  one  or  two  were  seen  movinsr 
about  on  warm  days.    The  majority  remained  buried  all  the  winter. 

On  April  13,  when  it  seemed  that  some  beetles  should  be  emerging 
from  winter  quarters,  two  lots  of  beetles  were  taken  into  the  laboratory 
from  the  outdoor  cage,  where  they  had  been  kept,  and  each  lot  examined. 

Lot  1  contained  10  beetles  that  were  bred  from  pupse  collected  from 
Cyperus  flavicomus  near  Raleigh,  during  September,  1910.  Two  dead 
beetles  were  found  on  top  of  the  soil,  the  remaining  eight  were  located 
in  the  soil  at  depths  of  one  to  two  inches.  Six  of  them,  when  dug  out. 
were  active ;  two  were  alive,  but  would  not  crawl  about. 

Lot  2  contained  20  beetles  collected  in  the  adult  stage  from  beneath 
roots  of  Cyperus  flavicomus  about  September  10,  1910.  Of  this  lo: 
nearly  all  were  buried  from  one  to  three  inches  deep.  Upon  digginsr 
them  all  out  on  April  13,  17  were  found  alive;  the  other  three  were 
dead. 

These  two  lots  of  beetles  were  placed  back  on  loose  earth  and  given 
young  green  corn  plants  for  food.  The  notes  recorded  show  that  all  bo: 
two  or  three  of  each  lot  immediately  buried  themselves  in  the  soil  and 
were  not  again  disturbed  until  after  April  26.  The  beetles  of  Lot  1  did 
not  feed,  but  one  or  two  of  the  beetles  in  Lot  2  fed  a  little  every  day 
after  April  13.    Evidently  the  majority  remained  buried. 

Lot  3,  consisting  originally  of  29  beetles,  collected  October  5-7,  1910. 
from  fields  at  Braswell,  Chadbourn,  and  Pembroke,  were  not  disturbed 
after  they  buried  themselves  for  the  winter,  until  May  1,  1911.  On  that 
date  the  large  tin  can  of  earth  in  which  they  had  passed  the  winter  wa& 
taken  into  the  laboratory  and  examined.  The  warm  weather  had 
brought  12  of  these  beetles  to  the  surface,  where  some  were  moving 
about;  the  remainder  were  buried  in  the  usual  manner.  Of  the  entire 
number  26  were  found  alive.  These  were  placed  in  a  glass  jar  with 
pieces  of  moist  blotting  paper  and  given  fresh  corn  plants  for  food.  On 
May  2  some  had  fed  considerably,  but  none  of  them  showed  signs  of 
mating. 

FIRST  BILL  BUGS  DISCOVERED  IN  FIELD. 

On  April  19  and  20,  several  hours  each  day  were  spent  looking  for 
bill  bugs  in  fields  near  West  Raleigh  where  Cyperus  grasses  grew  last 
fall,  and  in  fields  where  corn  was  just  coming  up.  All  possible  hibernat- 
ing quarters  were  also  examined,  but  not  a  single  bill  bug  discovered. 

On  May  2  another  search  was  made  with  better  success.    After  three 

/4iours  search  one  beetle  was  taken  on  a  young  corn  plant  in  an  upland 

/  field  in  which  considerably  so-called  nutgrass  was  springing  up.    This 

(  beetle  proved  to  be  Sphenophorus  venatus.    Unfortunately  it  lived  onlv 

^  a  few  days. 

In  the  field  where  this  beetle  was  found  the  corn  was  only  a  few  inches 
high,  but  several  plants  showed  the  characteristic  holes,  made  by  bill 
bug  bites  before  the  tender  leaves  were  unfolded,  showing  that  this  speci- 
men, and  others,  no  doubt,  had  been  feeding  several  dayjB.,  ^Search  was 
made  for  eggs,  but  none  were  found.  o 
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Fia.  7.S.  ealloaiu.  Com  Bill  Bug  Eggs  and  Larve:  Upper  figure 
•hows  short  section  of  corn  stalk  an  supplied  beetles  for  food  to  secure 
daily  egg-laying  record:  egg  embedded  in  natural  position  in  the 
tlnsue  on  inner  side  of  the  outer  leaf.  Lower  figures  show  egg  fully 
exposed:  larvie  about  two-thirds  in'own,  ventral  and  side  view^. 
All  enlarged  2li  times.     (Original.) 


,    -^  :^igitized  by  Lj  009 IC 
Fia.  «.—S.caM'Mu».  Pup«e  and  Cocoon  Formed  of  Cortt  O 

Fiber:  Two  small  pup«  on  lelt,  upper  and  side  vje  s:  on 
right.  1  ve  pupa  in  its  cocoon.  (S«e.^8.  ll.^J^^nKJ^ow 
this  cocoon  protected  the  pupe.) 


All  enl  rged  2  timen. 
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On  May  9  tlie  writer  was  at  St.  Pauls,  in  Robeson  County,  and  dis- 
covered bill  bugs,  Sphenophortis  callosus,  in  a  com  field  belonging  to 
Mr.  Marcus  Smith.     The  corn  had  been  replanted,  and,  according  t( 
Mr.  Smith,  most  of  the  first  planting  had  been  killed  by  the  bill  bugs. 
/<2^bout  75  per  cent  of  the  second  planting  was  damaged.    Bill  bugs  were 
(j  not  easily  found,  but  after  a  search  of  one  and  one-half  hours  15  beetle? 
jLwere  collected.     No  sign  of  eggs  could  be  found.     These  beetles  wen^ 
I  taken  to  the  laboratory  and  fed  on  young  com  plants  and  watched  daily 
j    for  signs  of  mating  and  egg-laying,  but  this  was  not  noticed  until  after 

May  22,  when  another  lot  of  beetles  commenced  to  lay  eggs. 
Ik    On  May  22  eggs  were  secured  from  a  lot  of  over-wintered  beetles  col- 
Vj^ected  at  Braswell  and  Pembroke  in  October,  1910/^As  this  date  came 
on  Monday  and  the  specimens  were  not  examined  on  Sunday,  it  may  be 
that  the  eggs  were  laid  as  early  as  Saturday  afternoon,  May  20. 

Previous  to  this  date,  that  is  on  May  13,  three  bill  bugs  were  taken 
in  a  field  near  Raleigh,  but  they  died  in  a  few  days.  No  eggs  wen- 
found  on  that  date.  On  May  19  one  female  Sphenophorus  parvulus  was 
found  on  yellow  nutgrass,  C.  esculetihus,  and  as  this  beetle  proved  to  be 
fertilized  it  has  since  been  kept  for  a  daily  egg-laying  record. 

1  EARLIEST  RECORD  OF  EGGS  IN  FIELD. 

J 

After  finding  eggs  on  May  22,  laid  by  the  beetles  in  confinement,  the 

writer  w^ent  at  once  to  the  corn-fieldwfcere  a  bill  bug  haibeen  collected 

May  2.    This  trip  proved  fruitful.    l!ggs  were  discovereS'  iti Ihe  so-called 

/  nutgrass,  since  identified  as  Cypp^rus  esndentus,  and  considerable  evi- 

l  /     dence  of  bill  bug  feeding  was  observed  on  both  young  corn  and  nutgras-^ 

;^^-^ants./ 

That  this  date  represents  about  the  earliest  for  egg-laying  in  the 
field  is  evidenced  by  a  letter  from  Mr.  Marcus  Smith,  of  St.  Paul's, 
dated  May  26,  who  stated  that  "beetles  have  commenced  to  lay  eggs." 
(Mr.  Smith  had  been  on  the  outlook  for  egg-laying  at  my  request.)  As 
further  evidence  a  letter  from  Mr.  F.  T.  Shepherd,  of  Braswell,  dated 
May  17,  states  that  "bill  bugs  have  not  commenced  to  lay  eggs." 

EGG-LAYING  RECORD  COMMENCED. 

After  May  22  individual  pairs  of  bill  bugs  were  taken  as  rapidly  a? 
possible  from  the  material  on  hand,  and  each  pair  isolated,  with  corn 
for  food,  in  a  jelly  glass,  to  secure  daily  egg-laying  records.  On  May 
26  a  batch  of  bill  bugs,  about  190  in  number,  were  received  from  St. 
Paul's  through  the  kindness  of  Mr.  Marcus  Smith,  and  from  this  lot 
most  of  the  pairs  for  ogsj-laying  were  secured.  For  some  reason  not  yet 
understood  the  beetles  kept  in  confinement  during  the  winter  did  not 
seem  to  lay  eggs  freely.  Some  of  the  pairs  secured  from  that  material 
failed  to  lay  any  eggs,  while  others  laid  only  a  few.  At  the  same  time 
some  of  the  females  secured  from  St.  Paul's  refused  to  lay.  Several 
pairs  were  kept  and  fed  for  30  days,  from  May  22  to  28  until  July  5. 
and  no  eggs  were  secured.  Others,  kept  for  the  same  length  of  time, 
laid  an  occasional  egf;  at  long  intervals.  Complete  records  are  on  hand 
to  be  used  for  a  full  report  of  this  work. 
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Over  50  mated  pairs  of  bill  bugs  were  taken,  but  at  this  date,  July  1, 
onljr  24  pairs  are  being  kept  for  a  complete  egg-laying  record.  From 
some  of  these  pairs  over  150  eggs  have  been  secured  since  May  28,  an 
average  of  about  five  eggs  a  day.  The  eggs  were  counted  and  fresh  food 
^ven  the  beetles  each  day.  The  large  number  of  pairs  retained  for  a 
complete  egg-laying  record  will  serve  to  furnish  a  good  average  record 
of  egg-laying. 


Flo.  9.-S  CalloauH.  Corn  Bill  Buk  Larva 
in  Feeding  Cavity  in  Corn  Hoot.  Larva 
reared  fromegK,  twonty-cMRht  days  old,  but 
iiniallforaRf'    Enlarged  2 times.    (OriRinal.) 


EUO-HATCniN«   RECORDS. 


From  the  eggs  secured,  hundreds  of  hatching  records  have  already 
l)een  obtained,  showing  an  incubation  period  of  from  about  five  to  ten. 
or  eleven  days,  dependent  on  both  moisture  and  temperature  oonditionh- 
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FEEDING   AND   EGG-LAYING   HABITS. 


An  accurate  knowledge  of  the  habits  of  the  bill  bugs  as  re^rds  f^- 
ing  and  egg-laying  is  being  learned  by  daily  observations.    The  behavior 


Fio.  10. — S.  callosus.  Corn  Bill  Bug  Larvie  in  Crown  of  Red 
Roof-ed  Cyperus  Grass  (C  Jiavicomua).  Collected  from  a  corn 
field,  September  0. 1910.  Larvae  about  full  grown,  one-half  nat- 
ural size.     (Original.) 

of  the  confined  bee'tles  seems  to  be,  in  every  respect,  siffliliif  to  that 
observed  in  the  field. 
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LIFE    HISTORY    STUDIES. 


The  work  now  in  progress  promises  to  result  in  an  extensive  number 
of  records  of  the  complete  life  cycle  of  individuals  from  egg  to  adult 
stage.    Already  several  dozen  larvae  have  been  carried  to  near  maturity 


Fia.  U.—S.raUonu.  Cocoon?  Formed  of  Corn  Fibor  for  Protection  of  Pupa.  Empty 
cocoon  on  left  was  formed  in  the  soil  just  beneath  corn  Rtnlk  in  wliirh  the  larva  completed 
ita  growth.  Cocoon  shown  in  corn  stalk  was  photographed  in  natural  position  at  lower  end 
of  feeding  cavity.    See  Fig.  8,  showing  the  other  side  of  this  cocoon  and  the  live  pupft.  \jy  li;:^ 

(Original.)  ^ 
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and  some  will  pupate  within  a  few  days.  The  eggs  are  hatched  either 
in  glass  vials  or  tin  boxes  and  the  larva  as  secured  are  placed  carefully 
in  a  hole  cut  into  a  young  com  root.  In  this  manner  the  larva  are 
given  food  almost  exactly  similar  to  what  they  get  in  the  field,  and  it 
has  not  been  found  difficult  to  get  them  to  feed  and  grow  rapidly,  even 
though  partly  disturbed  each  day  for  the  purpose  of  determining  thf 
number  of  molts  and  their  rate  of  development. 

This  work  is  requiring  constant  attention  and  careful  manipulation, 
but  the  results  are  promising. 

Larva?  of  all  ages,  and  in  all  stages  of  development  are  being  pre- 
tierved  for  measurement  and  microscopic  examination  when  time  permits. 


Fig.  12.— Outdoor  Luboratory  for  Studying  Life  History  of  Insert.^.    This  structurp  is  built 
with  light  wooden  frame,  covered  with  ordinary  12-mesh  wire  screen. 

All  the  above  statement  refers  to  Sphenophorus  calJosus,  unless  other- 
wise stated.  This  species  is  the  one  that  causes  all  the  damage  reported 
from  the  eastern  counties.  So  far  as  the  writer  knows  this  species  has 
never  been  recorded  as  feeding  on  corn  in  the  vicinity  of  Raleigh^^'' The 
observations  made  this  spring  seem  to  indicate  that,  while  the  species  is 
quite  numerous  here,  and  breeds  freely  in  yellow  nutgrass,  Cyperu9  e^cu-  . 
lentus,  in  the  early  summer  and,  later,  in  Elegant  Nutgrass,  Cyperm 
flavlcomus,  also,  it  does  not  naturally  cause  much  damage  to  the  young 
com.  During  the  last  two  months  the  field  observations  have  shown 
that  young  corn  is  often  attacked,  but  no  real  injury,  except  for  a  few 
plants,  has  been  observed.  /lo  one  familiar  with  bill  bug  work  it  is  easv 
to  tell  where  the  bill  bugs  have  fed,  even  after  the  com  is  nearly  groT^ii. 
The  characteristic  holes  made  by  the  bill  bugs  when  the  com  leaves  are 
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lightly  rolled  together  and  show  prominently  when  the  leaves  expand^ 
are  certain  evidence  of  bill  bug  work. 

BILL  BUG   STUDIES  CONDUCTED   OUT  DOORS. 

All  the  life-history  studies  of  bill  bugs,  egg-laying,  egg-hatching,  rear- 
ing larvae,  etc.,  have  been  conducted  in  a  wire  screened  cage  where  the  - 
temperature  and  moisture  conditions  correspond  almost  precisely  with 
field  conditions.  This  outdoor  laboratory  is  situated  so  as  to  get  full 
exposure  to  light  and  air,  and,  except  for  having  a  roof  to  protect  the 
material  from  storms,  it  is  subject  to  all  changes  of  weather.  This  has 
made  it  possible  to  conduct  the  work  in  such  a  manner  that  the  results 
correspond  closely  with  field  conditions.  The  writer  has  carefully 
watched  the  development  of  bill  bug  eggs  and  larvae  in  the  field  and  finds 
that  his  cage  experiments  are  practically  identical  with  field  conditions. 
In  the  end  this  will  make  the  results  of  special  value. 

8PHENOPHORU8  PARVULU8. 

This  small  species  of  Sphenophorus,  of  which  one  female  was  collected  j  p 
on  May  19,  1911,  is  not  common  here,  but  the  writer  has  commenced  ay     \ 
life  history  study  of  the  species.     Thus  far  no  other  specimens  of  this 
species  have  been  taken  here  or  elsewhere.    Fertile  eggs  have  been  secured 
and  the  larvae  obtained  are  being  reared  in  the  same  manner  as  the 
common  species,  S.  caUosus./ The  single  female  under  observation  hasV 
laid  63  eggs,  commencing  with  three  eggs  on  May  22 ;  on  June  30  three  \ 
eggs  were  laid  and  the  beetle  shows  no  sign  of  stopping.     The  newly-    \ 
hatched  larvae  are  very  small  and  require  very  careful  handling.     The      \ 
first  larva  was  secured  June  8,  and  since  then  several  have  hatched  and       J 
are  now  feeding  and  growing  satisfactorily.  / 

A  TROUBLESOME  MITE. 

Within  the  last  few  days  a  mite,  Tyroglyphus  americanus,  Bks.,  has     \ 
appeared  in  the  experimental  cage.     This  mite  is  a  common  laboratory       \  /\^ 
pest  in  the  Eastern  States  and  as  it  often  attaches  itself  to  adult  insects         / 
it  is  carried  into  the  most  unexpected  places.     It  probably  came  to  the 
cage  on  some  material  collected  in  the  field.    Just  how  troublesome  this 
mite  will  prove  to  be  is  hard  to  tell,  but  when  it  appears  in  a  section  of 
corn  stalk  in  which  a  young  Sphenophorus  larva  is  living  it  becomes 
necessary  to  remove  the  larva  to  fresh  food,  thus  requiring  much  extra 
work,  besides  making  it  difficult  for  the  larva  to  develop  naturally.     A 
small  weak  larva  is  usually  killed  and  devoured  by  these  mites,  but  the 
larger  larvae  are  often  able  to  protect  themselves. 


\^ 
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THE  HOUSEFLY  (Musca  domestica). 

Breeding  Places  of  Houseflies  ;  Cow  Manure  Proven  to  be  Imfok- 
TANT  Source;  SrccEsspuL  Use  of  Formalin  in  Milk  as  a  Flti 

Poison./.^  ^  «     -  

v^     V  \  By  R.  I.  Smith,  Entomolooist. 


This  report  covers  work  done  by  the  writer  during  June  and  July 
1911,  while  attempting  to  reduce  the  housefly  nuisance  around  the  A. 
and  M.  College  dairy  and  horse  bams,  and  in  the  West  Raleigh  section. 
Although  no  systematic  experiments  were  planned  more  work  was  done 
than  was  at  first  anticipated,  and  the  information  and  results  obtained 
were  of  such  a  nature  as  to  make  it  seem  advisable  to  furnish  this  report. 
One  principal  result  of  this  work  was  in  determining  that  flies  breed  in 
large  numbers  in  the  cow  manure  from  the  dairy  bams,  and  in  the  calf 
stalls,  wherever  a  large  number  of  animals  are  kept,  as  well  as  in  the 
horse  stables,  whence  most  of  the  houseflies  have  been  supposed  to  orig- 
inate. Another  important  feature  of  the  work  was  the  demonstration  of 
a  successful  method  of  using  40  per  cent  formalin  with  sweet  milk  as  a 
fly  poison.  By  combining  the  two  methods  of  preventing  the  breeding  of 
flies  by  weekly  removal  of  all  stable  manure,  and  by  poisoning  great 
numbers  of  flies  with  formalin  mixture,  the  fly  nuisance  at  the  A.  and 
M.  dairy  barns  was  reduced  to  a  minimum,  so  much  so  that  during  July 
the  flies  were  reduced  to  much  less  than  one-tenth  their  usual  number. 
The  formalin  method  of  poisoning  flies  was  taken  up  by  the  citizens  of 
Kaleigh  and  vicinity  and  in  other  towns  throughout  the  State  as  a 
result  of  newspaper  articles  furnished  the  local  daily  papers.  It  ha? 
been  learned  that  fly  screens  have  been  placed  in  many  houses  which 
have  never  before  boon  screened.  Even  the  Raleigh  City  Market  was 
thoroughly  screened  after  this  warfare  on  the  housefly  Avas  inaugurated. 
Formalin-milk  poison  was  used  successfully  in  the  city  market  after  the 
place  was  first  screened.  The  local  druggists  sold  many  gallons  of  for- 
malin within  a  few  days  after  the  success  of  this  treatment  was  made 
known  through  the  Raleigh  papers. 

Press  Bulletin  No.  23,  entitled  "How  to  Suppress  Houseflies,"  was 
written  and  published  under  date  of  June  20,  and  mailed  to  all  the  news- 
papers of  the  State.  This  Bulletin,  in  addition  to  the  articles  which  the 
writer  prepared  for  the  local  daily  papers,  aroused  considerable  interest 
in  the  housefly  situation.  It  should  be  stated  here  that  additional  in- 
terest was  created  by  two  articles  prepared  by  Dr.  F.  L.  Stevens,  Bac- 
teriologist, concerning  the  ability  of  houseflies  to  carry  disease  germs, 
thus  emphasizing  the  danger  of  houseflies  as  a  conveyor  of  typhoid  fever 
and  other  intestinal  diseases.  These  articles  appeared  in  Sunday  edi- 
tions of  the  Raleigh  News  and  Observer. 

The  actual  observations  and  work  recorded  herewith  had  to  be  con- 
ducted at  irregular  intervals  as  the  writer's  time  was  principally  needed 
for  an  investigation  of  the  corn  bill  bug.  For  this  reason  no  excuse  is 
offered  for  the  apparent  incompleteness  of  some  of  the  experiments  and 
observations  recorded. 
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During  the  latter  part  of  May,  1911,  the  houseflies  became  unusuallj 
numerous  and  troublesome  in  the  West  Raleigh  section,  and  the  same 
condition  was  true  in  the  city  of  Raleigh.  A  few  cases  of  typhoid  fever 
about  this  time  served  to  emphasize  the  necessity  for  some  attempt  to 
suppress  the  flies.  On  May  22,  1911,  Director  Williams  sent  a  circular 
letter  to  the  residents  of  West  Raleigh,  in  which  the  A.  and  M.  College  is 
located,  asking  for  some  cooperative  attempt  to  reduce  the  houseflies. 
The  writer  was  requested  to  determine  where  most  of  the  flies  were 
breeding,  and  to  make  such  experiments  as  seemed  advisable  to  destroy 
them,  both  by  attacking  the  larvsB  and  pupae  in  their  breeding  places, 
and  by  poisoning  or  trapping  the  adult  flies. 


Fio.  13. — ^The  Old  Method  of  Housing  Stock.    HouBeflies  breed  by  the  thousanda  in  the  manun* 
that  is  usually  allowed  to  accumulate  for  weeks  or  months. 

BREEDING   PLACES. 

Stable  manure  of  all  kinds  was  found  to  be  literally  swarming  with 
maggots,  of  which  a  large  per  cent  proved  to  represent  the  true  housefly. 
The  horse  and  mule  stables  were  first  investigated,  and  in  every  one, 
where  the  manure  had  not  been  removed  within  the  previous  two  weeks, 
the  maggots  were  present  in  great  numbers,  while  the  presence  of  many 
empty  pupal  cases  showed  conclusively  that  adult  flies  were  emerging 
every  day.  This  of  course  was  to  be  expected,  as  horse  manure  is  recog- 
nized as  a  common  breeding  material. 


HOUSEFLIES  BRED  FROM   COW   MANURE. 

The  cow  manure  accumulated  around  the  dairy  barns  and  calf  stalls 
was  next  examined.  In  it  the'  maggots  were  present  in  enormous  num- 
bers, and  on  several  occasions  bunches  of  both  recently  formed  pupae  and 


64  THIRTY-FOURTH    ANNUAL    REPORT 

empty  pupal  cases,  were  discovered.  It  was  very  apparent  tliat  the 
maggots  which  swarmed  through  the  manure  were  inclined  to  congregate 
in  certain  corners  or  crevices  and  pupate  in  a  mass,  often  nearly  as  large 
as  one's  fist,  such  masses  sometimes  containing  over  a  thousand  pups, 
smaller  masses  of  pupsB  and  empty  cases  from  which  the  flies  had 
emerged,  were  also  found.  Scattered  pupae  were  discovered  around  the 
edges  of  the  piles  of  cow  manure  and  even  in  the  soil  underneath  where 
the  maggots  had  hurrowed  before  pupating.  These  last  observations  are 
important  for  they  may  explain  in  some  measure  the  reason  why  manv 
writers  have  stated  that  cow  manure  is  not  an  important  source  of  house- 
flies. 

About  July  10  a  number  of  pupae  were  collected  from  underneath  a 
pile  of  cow  manure,  which  was-  almost  pure  except  for  a  little  straw  and 
ensilage  used  for  an  absorbent.  From  this  lot  76  flies  emerged  and  all 
but  one  proved  to  be  the  true  housefly.  The  other  one  was  the  biting 
stable  fly,  Stomoxys  calcitrant.  Those  flies  were  sent  to  Washington  and 
identified  by  Dr.  L.  O.  Howard  of  the  Bureau  of  Entomology.  Dr. 
Howard  stated  in  his  letter,  "they  are  undoubtedly  the  housefly,"  but 
commented  further:  "The  fact  that  the  cow  manure  was  mixed  with 
straw  and  ensilage  accounts  for  the  houseflies  being  able  to  breed  to  such 
an  extent."  In  the  writer's  opinion  this  simply  emphasizes  the  danger 
of  cow  manure  being  a  source  of  flies,  for  in  this  State  nearly  everyone 
uses  considerable  absorbent  in  the  cow  stalls  and  calf  pefis. 

OTHER  SOURCES  OF  FLIES. 

Aside  from  the  flies  emerging  from  all  kinds  of  stable  manure,  per- 
haps the  most  dangerous  source  is  the  open  privy,  as  the  flies  emerging 
from  such  situations  are  more  liable  to  convey  the  germs  of  typhoid 
fever  and  other  diseases.  Any  accumulation  of  decaying  vegetable  mat- 
ter, neglected  garbage  cans,  etc.,  may  serve  to  breed  flies.  One  loath- 
some condition  that  came  to  the  writer's  attention  was  that  of  finding 
maggots  in  the  dirty  linen  from  a  restaurant  when  received  by  the 
laundry  to  which  it  was  sent. 

Without  going  into  further  detail  it  may  be  stated  emphatically  that 
the  principal  source  of  house  flies  is  from  stable  manure,  but  there  are 
always  minor  sources  that  can  readily  be  removed  when  the  residents  of 
any  vicinity  commence  an  active  campaign. 

ATTEMPTS   TO    KILL    HOUSEFLY   MAGGOTS   IN    MANURE. 

Kerosene. — The  liberal  use  of  kerosene  on  horse  manure  has  been 
tested  at  Washington,  D.  C,  with  rather  unsatisfactory  results.  Al- 
though aware  of  this  fact  the  writer  made  one  test  with  kerosene  on  cow 
manure  in  which  the  maggots  were  swarming.  Two  gallons  of  kerosene 
were  sprayed  over  about  25  square  feet  of  a  manure  pile.  It  was  found 
that  this  quantity  did  not  soak  in  over  about  one  inch  deep,  and  only  a 
very  few  maggots  were  killed.  It  seemed  that  the  maggots  near  the  sur- 
face simply  worked  down  out  of  reach  of  the  kerosene,  for  otherwise  they 
could  not  have  survived  the  treatment.  On  the  day  following  there  was 
practically  no  indication  that  the  kerosene  had  had  any  beneficial  eSect. 
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After  24  hours  it  was  so  nearly  all  evaporated  that  the  odor  was  not 
strong  and  the  adult  flies  were  hovering  over  the  pile  in  their  usual  num- 
bers. 

Acid  Phosphate  Mixed  With  Cow  Manure. — To  determine  the  chance  , 
of  improving  the  fertilizer  value  of  cow  manure  and  at  the  same  time 
prevent  the  housefly  maggots  from  developing  in  it,  16  per  cent  acid 
phosphate  was  tested  by  mixing  200  pounds  with  about  2,000  pounds  of/ 
manure.  The  test  was  commenced  by  taking  all  of  one  day's  accumula- 
tion of  manure  from  the  dairy  bam,  amounting  to  about  200  pounds, 
and  mixing  in  20  pounds  of  acid  phosphate.  The  manure  was  piled  in 
i\   pinooth  place  out  doors.    Three  days  later  the  same  amount  was  taken 


\ 


Fio.  14.— The  Modern  Method  of  HandlinK  Stable  Manure.    Houjfeflies  prevented  from  breeding  by 
renio>'inx  the  manure  from  the  stable  every  day  and  hauling  the  pile  away  at  leant  once  a  week. 


and  mixed  in  the  same  manner  and  piled  on  top  of  the  first;  the  sixth 
day's  manure  was  similarly  treated  and  thro\ni  on  the  heap.  This  pile 
was  kept  for  two  weeks  and  frequently  examined.  For  comparison,  an 
untreated  pile  of  manure  from  the  same  source  was  kept  beside  the» 
treated  pile.  /This  experiment  proved  entirely  worthless  from  the  stand^ 
point  of  killing  the  maggots,  as  they  were  present  by  the  thousands  in  \ 
both  piles  when  the  experiment  was  discontinued.  } 

The  manure  treated  with  acid  phosphate  contained  as  many  maggots  / 
as   the  untreated  pile.     Both  piles  were  kept  until  some   pupte  were' 
formed,  showing  that  the  maggots  had  commenced  to  mature.  ; 

A  second  test  with  acid  phosphate  was  afterward  made,  using  400 
pounds  to  about  2,000  pounds  of  cow  manure,  but  the  result  was  the 
same  as  when  only  200  pounds  were  used. 

Floats, — An  experiment  was  made  to  determine  the  value  of  floats^ 
(finely  ground  phosphate  rock),  mixing  400  pounds  ^fthb^^kl- 2,000 

5 
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/pounds  of  COW  manure.     The  experiment  was  conducted  in  the  saiL*- 

I  madner  as  that  just  recorded  for  acid  phosphate,  and  the  result  was  iLr 

Vfiame. 

r^^^JFgrwLaLin  Solution . (^  per ^nt\^ After  formalin  solution  for  poisos- 

■  ing  adult  flies  had  been  successfully  used,  as  recorded  below,  the  wri^rr 
was  asked  to  try  a  4  per  cent  water  solution  of  formalin  on  a  pile  of 
manure.  This  experiment  was  made  about  the  middle  of  June.  A  piW 
of  cow  manure  literally  swarming  with  maggots  was  aelected  and  siif- 
ficient  liquid  applied  to  soak  in  around  the  maggots.  In  fact,  care  wi< 
taken  to  actually  saturate  certain  spots  where  the  maggots  were  mor 
numerous.  This  treatment  proved  practically  worthless ;  possibly  a  feiif 
maggots  were  killed,  but  examination  of  the  manure  did  not  show  it. 
Disinfectant  Sprays  in  Box  StallsJ-The  liberal  use  of  disinfectants. 

/such  as  Creolin,  Zenoleum,  etc.,  applied  three  or  four  times  a  week  to 
,  the  walls  and  floor  of  box  stalls  serves  to  keep  flies  out  to  some  extenr, 
^  but  the  writer's  observations  lead  him  to  believe  that  such  applications 
are  of  comparatively  little  value  as  usually  used/  Some  disinfectant5 
have  been  used  in  box  stalls  at  the  College  bam,' but  never  with  great 
success.  The  amount  of  disinfectant  necessary  jto  actually  keep  the  flie* 
from  entering  and  depositing  eggs,  renders  the  treatment  too  costly  and 
troublesome.  A  disinfectant  lightly  sprayed  over  the  manure  has  no 
effect  whatever  on  the  maggots  which  are  already  present. 

All  the  work  conducted .  shows  that  the  weekly  removal  of  all  stable 
manure,  and  that  accumulating  in  the  yards  or  piled  outside,  is  the  onlr 

,way  to  really  prevent  flies  from  breeding  around  the  bams.  When  this 
method  is  properly  carried  out  formalin  poison  may  be  used  fo  eradicate 
many  of  the  flies.  As  already  stated  it  was  by  this  combination  of  remov- 
ing the  breeding  material  and  killing  adult  flies  that  the  flies  at  the  A. 
and  M.  College  bam  and  dairy  were  so  effectively  controlled  during  June 
and  July. 

FORMALIN-MILK    MIXTURE  SUCCESSFULLY    USED  AS   A   FLT   POISON. 

Early  in  June,  1911,  experiments  were  commenced  with  a  commercial 
grade  of  40  per  cent  Formalin  for  poisoning  the  houseflies  around  a 
dairy  barn  and  milk  room,  where  they  were  extremely  numerous.  Pre- 
vious to  that  time  the  flies  had  been  increasing  rapidly  in  the  horse 
stables,  calf  stables,  and  around  the  dairy  barn,  from  which  places  the 
manure  had  not  been  removed  for  several  weeks.  The  conditions,  there- 
fore, were  ideal  for  a  conclusive  test  of  the  formalin  as  a  poison.  Fur- 
thermore, in  this  situation  the  flies  had  abundant  material  for  food,  in 
the  milk  room  where  the  milk  was  strained  twice  a  day  and  in  the  stables 
and  stock  yards.  Plenty  of  water  was  always  present,  a  thing  on  which 
flies  are  very  dependent.  Under  these  conditions  it  would  not  have  been 
surprising  if  the  flies  had  refused  to  feed  on  the  formalin-milk  mixture, 
but  fortunately  the  experiments  were  successful. 

FORMALIN-^ILK    MIXTURE. 

Formalin  has  been  used  more  or  less  for  several  years  as  a  fly  poison, 
usually  mixed  nt  tlie  rate  of  1  part  to  20  parts  of  sweetened  water.    Betl- 
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izin^  that  flies  are  especially  fond  of  sweet  milk,  my  first  experiment 
was  to  use  1  ounce  of  formalin  in  16  ounces  (one  pint)  of  new  milk. 
The  first  experiment  was  successful.  The  formalin-milk  mixture  was 
exposed  in  four  plates  on  the  floor  of  a  milk  room  which  was  about  15 
feet  square.  The  mixture  was  first  exposed  about  three  o'clock  one  after- 
noon. Flies  commenced  to  feed  and  drop  dead  within  a  few  minutes  and 
continued  to  die  rapidly  even  while  the  evening's  milk  was  being  brought 
in  and  strained.  Flies  continued  to  feed  and  die  until  dark,  and  com- 
menced feeding  freely  again  about  daylight  the  next  morning.  About 
eight  o'clock  a.  m.  the  dead  flies  were  swept  up  and  found  to  measure 
.over  one  pint,  or  between  five  and  six  thousand  in  number. 

This  experiment  was  repeated  for  three  successive  days,  exposing  a 
fresh  lot  of  formalin-milk  mixture  each  day  about  two  or  three  o'clock, 
and  sweeping  up  the  dead  flies  the  following  morning.  Fully  one  pint 
of  flies  were  secured  each  time,  and  the  number  present  in  the  milk  room 
appeared  to  be  considerably  reduced.  As  the  milk  room  was  at  that  time 
unscreened  and  flies  abundant  through  the  bams  and  around  the  manure 
piles,  the  poisoning  in  one  small  room  could  not,  of  course,  greatly  re- 
duce the  numbers,  but  it  proved  the  value  of  the  mixture  as  a  fly  poison. 
My  next  experiment  was  to  determine  if  a  mixture  of  milk  and  water, 
containing  formalin,  would  be  as  attractive  as  the  whole  milk.  For  this 
test  milk  and  water  were  mixed  in  equal  parts  and  one  ounce  of  formalin 
added  to  16  ounces  of  the  diluted  milk.  The  result  was  satisfactory. 
Flies  seemed*  to  feed  on  this  as  well  as  on  the  whole  milk  mixture. 

Formalin  was  tested  in  various  proportions,  using  one  ounce  in  ten 
ounces  of  whole  milk  or  diluted  milk,  and  at  other  strengths  up  to  one 
ounce  in  twenty  ounces  of  milk  or  diluted  milk.  It  was  found  that  all 
proportions  were  quite  effective,  but  in  some  cases  the  strongest  mixture  j 
seemed  to  repel  the  flies,  while  the  weakest  did  not  kill  them  quickly,  and  | 
probably  a  few  at  least  revived,  after  being  partly  disabled  by  the  ) 
formalin.  ^ 

Without  mentioning  details  of  the  various  experiments  it  may  be 
stated  that  the  formalin  mixture  which  gave  best  average  results  and\ 
which  the  writer  has  recommended  -izL_newspftfeiL_artipies-,  is  as  follows :   \  aJ^ 
"1  ounce  (2  tablespoon fuls)  of  40  per  cent  formalin,  16  ounces  (one     1 
pint)  of  equal  parts  milk  and  water. 

"This  mixture  should  be  exposed  in  shallow  plates,  and  by  putting  a 
piece  of  bread  in  the  middle  of  the  plate  it  furnishes  more  space  for  the 
flies  to  alight  and  feed  and  in  that  way  serves  to  attract  a  greater  num- 
ber of  them. 

"Whole  milk  can  be  used,  but  the  diluted  milk  seems  to  be  just  as 
successful." 

Formalin  can  be  purchased  at  retail  price  at  fifty  cents  a  pint,  hence 
the  treatment  is  not  expensive. 

POISONING  FLIES  IN  A  CALF  BARN  AND  PIG  PEN. 

A  very  conclusive  test  of  the  efficiency  of  the  above  formalin  mixture 
was  made  in  a  lar^e  calf  barn  where  flies  were  extremely  numerous. 
Six  plates  of  the  mixture  prepared  like  the  above  formula,  were  placed 
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in  the  passageway  between  the  stalls.  This  passage  is  about  six  feet 
wide  and  thirty  feet  long.  The  poison  mixture  was  exposed  at  12 
o'clock,  noon,  and  left  until  8  o'clock  the  next  morning.  The  dead 
flies  when  swept  up  measured  three  quarts,  and  certainly  one-half  as 
many  died  in  the  stalls  on  each  side.  I  estimated  that  between  forty 
and  fifty  thousand  flies  were  killed  in  twenty  hours  by  this  experiment. 
Another  proof  of  the  value  of  the  formalin-milk  mixture  was  secured 
by  using  it  in  a  pig  pen.  A  pen  of  young  pigs  located  near  the  calf 
bam  mentioned  above  was  found  to  contain  thousands  of  flies  attracted 
by  the  milk  used  for  feeding.  As  it  was  not  possible  to  put  the  formalin 
mixture  in  the  pen  itself,  a  board  was  nailed  across  the  top,  at  a  height 
of  about  three  feet.  On  this  board  three  medium  sized  tin  plates  were 
fastened  to  receive  the  poison  mixture.  The  experiment  was  started 
^  about  4  p.  m.  and  within  thirty  minutes  it  is  estimated  that  about  1,0W 
V  flies  were  dead  or  partly  overcome  by  the  formalin.  At  first  the  flies 
did  not  readily  find  the  plates.  It  would  no  doubt  have  been  much 
better  to  have  confined  the  little  pigs  and  have  placed  the  plates  near 
the  feeding  trough.  However,  this  test  was  successful.  The  flies  con- 
tinued to  feed  and  die  rapidly  that  afternoon  and  again  the  next  day, 
when  fresh  mixture  was  exposed.  It  is  interesting  to  note  that  after  the 
first  half-hour  or  so  the  little  pigs  commenced  to  eat  the  dead  flies,  and 
after  that  a  fly  was  hardly  allowed  to  drop  before  being  eaten.  The 
'  pigs  must  have  consumed  a  quart  or  more  of  flies  within  a  couple  of 
days  and  showed  no  symptoms  of  being  injured  by  them. 

CHICKENS    CAN    SAFELY   FEED    ON    FLIES    KILLED    BY   FORMALIN. 

I  have  fed  dead  flies,  killed  by  the  formalin  treatment,  to  chickens 
without  any  injury.  Furthermore,  I  have  been  advised  by  a  resident 
of  West  lialeigh  that  his  chickens  consumed  the  dead  flies  in  ^reat 
numbers. 

This  party  stated:  "We  have  used  the  formalin  according  to  your 
directions,  on  our  back  porch  and  in  the  back  yard,  and  have  killed 
flies  by  the  thousands.  Our  chickens  eat  most  of  the  dead  flies  and  it 
does  not  seem  to  hurt  them." 

PRACTICAL  USE  OF  FORMALIN  AS  A  FLY  POISON. 

The  experiments  recorded  above  prove  that  we  have  demonstrated 
the  efficiency  of  formalin  as  a  fly  poison.  It  is  true  that  the  formalin. 
if  used  in  the  same  proportions  with  sweetened  water,  will  often  be  very 
effective,  but  the  milk  makes  a  more  attractive  bait  and  in  most  situa- 
tions more  flies  will  be  killed  when  it  is  used  instead  of  sweetened  water. 

At  the  writer's  suggestion  many  housekeepers  in  Raleigh  and  West 
Raleigh  have  used  the  formalin-milk  mixture  as  recommended  above, 
and  several  have  reported  the  killing  of  flies  by  the  pint  and  quart 
A  gentleman  in  charge  of  a  farm  where  a  large  horse  bam  is  main- 
tained tells  me  that  he  poisoned  a  gallon  of  flies  the  first  day  he  tried 
the  mixture.  This  statement  was  vouched  for  Jtifyed^fh^JWitnesses  in 
whom  I  have  perfect  confidence. 
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A  good  place  to  expose  the  formalin  mixture  is  on  the  front  and  back 
porches,  where  flies  are  frequently  numerous,  and  waiting  to  enter  when 
the  doors  are  opened.  I  know  of  several  people  who  have  used  it  suc- 
cessfully in  this  manner. 

The  use  of  the  formalin-milk  mixture  in  dwelling  houses  has  not 
proved  so  successful,  except  in  unscreened  kitchens  or  dining  rooms. 

This  poison  was  tested  in  the  large  college  mess  hall,  where  over  four 
hundred  students  can  be  seated,  resulting  in  practically  cleaning  up  all 
the  flies  in  two  days.  Previous  to  that  time  the  steward  had  been  using 
tanglefoot  fly-paper,  often  having  as  many  as  thirty  sheets  exposed. 
Fully  that  number  were  present  when  the  formalin  was  used;  but  in 
spite  of  them  the  flies  were  numerous. 

Many  entomologists  and  others  who  have  read  the  many  published 
articles  concerning  houseflies  probably  know  that  formalin,  as  a  fly 
poison,  has  often  been  condemned,  especially,  perhaps,  during  1910.  I 
am  of  the  opinion  that  these  failures  have  been  due  to  not  using  the 
formalin  in  an  attractive  medium,  such  as  milk.  It  is  true  that  a  few 
people  have  reported  no  success  with  formalin-milk  mixture,  but  I  know 
of  several  who  commenced  using  it  in  the  wrong  proportions,  either  too 
strong  or  too  weak,  with  very  little  success,  but  who  afterwards  mixed 
it  in  the  proper  proportions  and  at  once  found  that  it  killed  the  flies  as 
the  recorded  experiments  amply  demonstrate. 
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OKEA  WILT  (FUSARIOSE),  FUSARIUM  VASINFECTUM,  AND 
CLOVER  RHIZOCTONIOSE. 


By  p.  L.  Stevens  and  G.  W.  Wilson. 


The  okra  wilt  prior  to  this  has  not  been  recorded  in  l»^orth  Carolina, 
indeed  no  record  of  it  at  all  has  come  to  our  notice  except  the  rather 
vague  mention  by  Smith  in  1899^  and  one  of  its  occurrence  in  Connecti- 
cut by  Clinton.'  Dr.  Orton  writes  us  that  he  has  records  of  its  collec- 
tion at  Baldwin,  Ala.,  at  Dwin,  Pa.,  and  at  Edisto  Island,  S.  C.  The 
disease  is  perhaps  not  of  serious  importance  since  the  okra  can  hardly 
be  regarded  as  a  plant  of  high  economic  value,  though  it  is  a  delicacy 
prized  by  many  and  raised  quite  extensively. 


Fig.  15.— Okra  loaf  affected  with  wilt. 

The  present  disease  partakes  of  the  type  of  the  wilt  class  of  soil  dis- 
eases. It  is  due  to  a  fungus  which  hibernates  in  the  soil  and  from  the 
soil  invades  susceptible  plants  grown  there.  Soil  which  has  once  become 
infected  will  in  the  future  cause  disease  to  susceptible  plants,  the  causal 
fungus  remaining  for  indefinite  periods  in  the  soil. 

"Smith.  E.  F.,  U.  S.  Dept.  Agrr..  Div.  VeR.  Path.  Phys.  Bui.  17,  N6^?i§iy?y  ^OOglC 
•Clinton,  G.  P.,  Conn.  State  Sta.  Rpt.  1905:  269. 
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The  disease  is  of  especial  interest  on  account  of  its  close  kinship  to 
the  disastrous  wilts  of  cotton,  cowpea,  and  watermelon,  with  which  it  is 
perhaps  identical.  The  fungus  causing  these  diseases  was  first  descrihed 
by  Atkinson  in  1893  as  Fusarium  vasmfectum.*  It  was  later  made  the 
subject  of  extensive  study  by  Smith."    . 

Smith  concluded  that  an  ascigerous  fungus,  which  he  named  Neocos- 
mospora  and  which  he  found  on  the  diseased  plants  was  the  perfect  form 
of  the  Fusarium  which  causes  the  disease.  He  consequently  renamed 
the  fungus  Neocosmospora  vasinfectum.  Later  research  by  B.  B.  Hig- 
gins,*  of  this  laboratory,  and  Butler,^  of  India,  strongly  indicate  that  the 
Xeocosmospora  is  merely  a  superficial  saprophyte  and  that  it  has  noth- 
ing to  do  with  causing  the  disease.  Since  the  fungus  in  hand  can  not 
be  distinguished  from  Fusarium  vasinfectum  as  described  by  Atkinson* 
on  cotton  we  so  designate  it  here. 


Flo.  10. — Section  of  upper  portion  of  infected 
okrastem. 


Fia.  17.— Section  near  baa 
okra  stem. 


I  of  infected 


DISEASE   ON   OKSA. 

In  general  the  disease  agrees  closely  with  the  wilt  of  cotton  as 
described  by  Atkinson.**  The  first  symptom  is  the  wilting  of  a  por- 
tion of  a  leaf,  usually  the  part  most  distant  from  a  main  vein.  This 
wilting  is  accompanied  by  loss  of  green  color,  a  gradual  change  to  yel- 
low or  white,  followed  by  death  of  the  tissue,  and  browning.  If  the 
dead  portions  be  near  the  margin  the  leaf  may  roll  or  curl.  Fig.  15. 
Cross  section  of  the  petiole  of  such  leaf  reveals  blackened  strands  run- 
ning lengthwise  through  the  woody  parts.     If  these  strands  are  located 


Atkinson.  G.  F..  Alabama  Sta.  Bui.  41:  19-21. 

'fimith.  E.  F..  U.  8.  Dept.  Agr..  Div.  \ez.  Pa*h.  and  Phys..  Bui.  17. 

•HiK^ns.  B.  B.,  Science.  N.  8.  31:  916.  1910:  and  Ann.  Roo.  N.  C.  Rta.  1909:  100-IK 

'Butler.  E.  J.»  Mem.  Dept.  Agr.  India,  Botanical  Ser..  Vol.  2,  No.  9.  1910jgitized  by 

•Loe.  Cit. 

•Atldneon.  O.  F.,  U.  8.  Dept.  Agr.,  Office  Expt.  Sta.  Bui.  33:  287.  1898. 
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mainly  on  one  side  of  the  petiole  the  corresponding  side  of  the  leaf  t> 
exhibits  symptoms  of  disease.     Sections  made  in  the   stem    below  n 
point  of  attachment  of  a  diseased  leaf  show  these  dark   strands  Tur- 
ning down  the  stem,  and  as  the  base  of  the  plant  is  approached  the  *Li:t 
strands  increase  largely  in  number.     Figs.   16  and   17.      In    the  n     • 
a  similar  condition  is  met.     Some  roots  bear  so  many  dark  strands  tL. 
the  whole  of  the  wood   is  almost  black.     Other  roots  may   be  norn.. 
and  uninfected. 

FUNGUS    IN    THE    HOST. 

The  gross  character,  indicating  the  presence  of  the  fungus  in  the  L"?* 
is  the  blackening  of  the  walls  of  the  vascular  bundles  in  the  infeo,-: 
area.  Closer  examination  shows  these  diseased  bundles  to  contain  mun 
or  less  abundant  whitish  or  brownish  mycelial  threads.     These  increase 


Fig.  18.— Photomicrograph  showing  vascular  bundles  of  diseased  okra  stem. 

in  abundance  with  the  progress  of  the  disease  until  at  last  the  tubes  are 
filled  completely  with  the  interwoven  hyphse,  causing  a  cessation  of  the 
sap  flow  and  consequent  wilting  of  the  host. 


ISOLATION    OF   THE    FUNGUS. 


Sections  from  diseased  stalks  were  placed  in  a  moist  chamber  and  in 
a  few  days  were  covered  with  a  growth  of  hyphse  bearing  conidia  of  the 
Fusariuin  type.  Shreds  of  diseased  tissue  were  also  placed  in  perri 
dishes  with  agar  and  developed  the  same  fungus^  whiclj  Yi^^iff^^  under 
observation  in  pure  culture  for  some  months. 


■Igitized  by 
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FUNGUS  IN  CULTURE. 

The  fungus  grew  freely  in  cultures  of  pea-agar  and  was  constant  in 
its  characters,  which  agree  well  with  those  of  Fusarium  vasinfectum. 
Conidia  were  produced  in  abundance.  Perhaps  the  most  interesting 
feature  developed  in  the  cultures  was  the  uniform  presence  of  numerous 
black  sclerotia-like  bodies  similar  in  structure  to  those  described  by 
Appel  and  Wollenweber,*®  for  F.  Solani  and  related  species.  These 
appear  to  be  of  the  nature  of  sporodochia,  as  they  are  associated  with 
('onidia  production. 

CLOVER  RHIZOCTONI08E. 

During  the  past  season  several  complaints  came  to  the  Station  of  a 
i*rown  disease  of  clover  which  was  devastating  entire  fields.  These 
reports  came  especially  from  Buncombe  and  Stokes  counties.  Rhizoc- 
tonia  was  abundant  on  the  roots  and  was  clearly  the  cause  of  the 
trouble. 

About  the  same  time  an  epidemic  of  "damping  off"  appeared  in  the 
horticultural  greenhouse.  Examination  showed  Rhizoctonia  on  seed- 
lings of  cabbage  and  scuppernong  grapes  and  on  cuttings  of  aucuba, 
berbeis,  privet,  loquat,  laurel  cherry,  pomegranate,  hibiscus,  begonia, 
and  Crataegus. 

»Appel.  O.,  and  W.  H.  Wollenweber,  Arbeit.  K.  Biolog.  Anstalt.  f.  Land.  u.  Forstwertschaft.  Vol. 
S.  part  1.  plate  1»  Fig.  23,  59.  etc.  1910. 
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USE  OF  LIME  ON  THE  FARM 


Because  of  a  misconception  as  to  the  action  of  lime  there  is  much 
misuse  of  lime  hy  a  goodly  number  of  farmers.  In  many  cases  where 
marked  results  have  followed  the  use  of  this  material  the  conclusion  has 
been  drawn  that  it  is  the  only  one  that  needs  to  be  added  to  the  soil  in 
order  to  secure  large  yields  annually  thereafter.  Such  a  conclusion  is 
not  justified  by  the  facts  in  the  case,  and  if  this  material  is  used  and 
depended  upon  entirely  it  will  be  found  in  time  that  the  beneficial 
results  will  gradually  grow  less.  There  is  no  truer  saying  than  that  the 
indiscriminate  use  of  the  lime  enriches  the  father  but  beggars  the  son  if 
it  is  depended  upon  solely  for  average  soils.  It  should  be  remembered 
that,  although  lime  is  as  essential  for  plant  growth  as  phosphoric  acid, 
nitrogen  and  potash,  it  is  not  able  to  replace  any  one  of  these  nutrients 
in  the  promotion  of  plant  development. 

UNDER   WHAT    CONDITIONS   USE. 

As  a  direct  plant  food  for  such  crops  as  com,  cotton  and  the  small 
grains  planted  on  most  of  our  soils,  it  is  seldom  needed,  but  for  legumi- 
nous crops,  such  as  the  clovers,  vetch,  peas  and  alfalfa,  its  use  is  usually 
imperative  for  the  best  returns  with  those  soils  not  well  supplied  with 
lime.  It  might  be  stated  in  this  connection  that  as  a  general  rule  with 
most  of  the  upland  and  coastal  soils  of  the  State  it  is  generally  neces- 
sary to  use  an  application  of  lime  to  secure  the  best  results  with  the 
growth  of  leguminous  crops.  Usually  the  most  marked  results  with  gen- 
eral farm  crops  have  followed  the  use  of  lime  on  soils  which  have  been 
allowed  to  get  into  a  bad  physical  condition  or  to  become  sour  or  acid, 
either  through  a  large  accumulation  of  organic  matter,  poor  drainage 
or  insufficient  aeration  brought  on  by  poor  preparation  and  cultivation, 
or  all  combined.  The  writer  has  seen  applications  of  lime  to  soils  which 
have  been  allowed  to  get  into  a  sour  condition  change  the  yields  of  com 
in  one  year  from  a  complete  failure  the  previous  year  to  splendid  yields 
the  year  following  the  application  of  lime.  In  cases  like  this — and  there 
are  many  such  soils  in  the  State — the  chemical  and  physical  conditions 
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o£   the  soil  were  such  that,  although  the  soil  had  abundant  plant  food 

for  large  yields  for  many  years,  yet  ordinary  crops  like  corn  would  not 

grow  to  any  extent  until  these  conditions  were  made  suitable  for  their 

l^rowth.     When  lime  was  added  it  neutralized  or  destroyed  the  acidity 

of  the  soil,  and  at  the  same  time  improved  its  physical  and  chemical 

condition  and  biological  character  to  such  an  extent  that  afterwards  for 

years  the  yields  were  good.  •  Here  the  beneficial  results  are  largely  due 

to  the  favorable  action  of  the  lime  on  the  soil  rather  than  in  supplying 

lime  as  plant  food  to  the  crop.     In  addition  to  supplying  plant  food  and 

improving  the  chemical,  biological  and  physical  condition  of  the  soil, 

lime  hastens  the  decomposition  of  organic  matter  in  the  soil,  liberating 

much  of  the  inert  or  locked-up  nitrogen  contained  in  the  organic  matter 

or  humus.     Also  the  store  of  inert  potash  and  phosphoric  acid  of  the 

soil  is  acted  upon  by  the  lime,  and  a  decidedly  larger  percentage  is 

brought  into  an  immediately  available  form  annually  for  plant  growth 

than  would  have  been  through  ordinary  agencies  operating  in  the  soils. 

Hence  lime  tends  to  hasten  the  exhaustion  of  these  constituents  of  the 

soil  rather  than  build  the  soil  up,  especially  when  the  lime  is  used 

alone,  continuously,  without  fertilizer,  on  poor  soil. 

HOW  DETERMINE  WHEN  LIME  IS  NEEDED. 

If  the  land  contains  a  large  amount  of  organic  matter  (usually  indi- 
cated by  dark  color  of  the  soil)  it  is  fairly  safe  to  assume  that  such 
soils,  if  crops  do  not  yield  well  on  them  and  they  have  not  received  an 
application  of  lime  or  marl  in  recent  years,  that  they  would  be  benefited 
by  liming  or  marling. 

If  sheep  sorrel,  button  weed  and  the  water  grasses  are  growing  in  the 
fields  it  will  usually  be  found  that  such  soils  will  respond  favorably  to 
applications  of  lime.  If  blackberries,  cranberries,  raspberries  or  gall- 
berries  are  growing  wild  on  the  same  type  of  soil  in  close  proximity  to 
the  field  in  question,  it  will  generally  be  found  that  an  application  of 
lime  will  prove  beneficial  for  ordinary  crops  like  com  and  the  small 
grains  on  such  a  field. 

If  it  is  an  old  field  that  has  been  robbed  of  its  humus  by  continuous 
cultivation  in  some  clean  cultured  crop,  like  cotton,  and  the  soil  of 
which  runs  together  and  cements  after  each  rain,  it  is  quite  likely  to 
respond  profitably  to  an  application  of  lime,  especially  for  the  growth 
of  such  crops  as  clover,  vetch,  peas  and  other  legumes.  If  a  heavy 
growth  of  some  green  crop  is  turned  under,  especially  in  the  spring,  an 
application  of  lime  or  marl  should  be  made  before  turning  in  order  to 
prevent  the  formation  and  accumulation  of  a  large  amount  of  organic 
acids  in  the  soil  by  the  rotting  of  the  crop  turned  under.  If  the  soil 
has  been  poorly  drained,  and  has  become  tight  and  water-sogged,  lime 
will  in  most  cases  prove  highly  beneficial  when  applied  soon  after  drain- 
age and  before  a  crop  has  been  put  in.  If  clover,  vetch,  cowpeas  and 
peanuts  are  to  be  grown  upon  ordinary  upland  soils,  it  will  usually  pay 
to  make  a  good  application  of  lime  to  the  soil,  the  best  results  usually 
following  with  cowpeas,  if  the  application  is  made  to  the  crop  growing 
previously  on  the  land;  while  with  peanuts  the  opposite  is  frequently 
true. 
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If  a  soil  is  quite  acid  its  presence  may  be  determined  by  means  ot 
litmus  paper.  Take  a  portion  of  the  soil  to  be  tested  into  the  hand  and 
make  it  into  the  consistency  of  a  mud  pie  by  adding  water  and  workinc 
with  the  hands.  Now  take  a  small  strip  of  blue  litmus  paper,  which 
may  be  secured  from  any  local  drug  store,  and  bury  it  in  the  mud  pie. 
After  remaining  for  a  minute  or  two  remove  the  litriaus  paper  and  wash 
in  clear  water,  and  if  the  soil  is  acid  or  sour  the  color  of  the  paper  will 
have  been  changed  from  the  original  blue  to  a  red  color.  Of  the  com- 
monly grown  farm  crops  probably  oats  and  Irish  potatoes  are  the  moft 
tolerant  of  large  amounts  of  acidity  in  the  soil. 

WHEN  APPLY. 

Although  conditions  and  systems  of  rotation  will  modify  to  some 
extent  the  time  of  application,  yet,  usually,  the  safest  time  to  apply  tlii'< 
material  to  the  soil  will  be  during  the  fall  or  early  winter,  especially 
so  if  either  the  caustic  or  slaked  form  is  used.  If  carbonate  of  lime  he 
employed  it  may  go  on  in  the  spring  with  less  danger  of  injury  to  the 
seed  of  the  crop  than  when  either  of  the  two  forms  mentioned  above  i« 
used.  When  the  application  is  made  in  the  fall,  time  is  afforded  for  the 
lime  to  become  well  mixed  with  the  soil  before  spring,  especially  so  if 
it  is  put  in  properly.  The  carbonate  or  air-slaked  form  of  lime  does 
not  act  as  energetically  as  do  the  quick  and  water-slaked  forms. 

HOW   APPLY  AND  AMOUNT. 

As  a  general  rule  lime  should  be  applied  broadcast  and  then  thor- 
oughly harrowed  and  disked  into  the  soil.  Of  slaked  lime  the  quantity 
required  per  acre  varies  quite  considerably  with  different  soils,  crops 
and  conditions.  Usually,  however,  the  amount  necessary  to  use  will 
vary  between  1,000  and  3,000  pounds,  or  its  equivalent  of  some  other 
form,  per  acre.  Never  mix  lime,  especially  in  the  caustic  or  water- 
slaked  forms,  with  any  material  containing  ammonia,  before  applying 
it  to  the  soil,  because  the  lime  would  tend  to  set  free  into  the  atmosphere 
some  of  the  ammonia,  and  hence  it  would  be  lost.  For  this  reason  it  is 
exceedingly  unwise  to  mix  lime  directly  with  stable  manure.  Do  not 
add  lime  to  acid  phosphate  or  to  mixtures  containing  this  material,  for 
such  a  procedure  would  result  in  some  or  all  of  the  available  phosphoric 
acid  of  the  acid  phosphate  being  changed  to  a  less  soluble  or  available 
form,  the  amount  changed  being  governed  largely  by  the  proportion  of 
lime  to  acid  phosphate  in  the  mixture  and  by  the  mechanical  condition 
of  the  mixture. 

When  lime  is  added  to  permanent  pastures  and  meadows  it  should  be 
applied  broadcast  in  the  fall  or  early  winter  and  left  on  the  surface. 
For  this  purpose  the  carbonate  form  will  usually  be  found  best  suited. 

FORMS  OF  LIME  AND  THEIR  EQUIVALENTS. 

There  are  three  chemical  forms  of  lime  used  commercially  other  than 
gypsum  (land  plaster)  or  sulphate  of  lime.     Each  of  these  forms  are 
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known  by  a  goodly  number  of  naraea.      The  forms  and  synonymous 
names  are  as  follows: 

(1)  Caustic,  quick,  burnt,  builders,  rock,  stone  or  unslaked  lime. 

(2)  Carbonate,  agricultural,  marble,  limestone,  marl  or  air-slaked. 

(3)  Water-slaked  or  hydrated  lime. 

As  all  three  of  these  forms  of  lime  are  suited  for  agricultural  pur- 
poses it  becomes  important  in  purchasing  to  know  the  relative  equiva- 
lents in  actual  lime  (calcium  oxide).  When  178  pounds  of  a  good  grade 
<if  carbonate  of  lime  is  burnt  in  the  kiln  about  100  pounds  of  quick  or 
caustic  lime  is  secured,  the  remaining  78  pounds  of  the  original  sub- 
stance is  driven  off  into  the  atmosphere  as  carbon  dioxide  or  carbonic 
acid  gas.  If  the  above  100  pounds  of  quick  lime,  secured  by  burning, 
is  exposed  to  the  atmosphere  for  some  time,  it  will  absorb  carbon  dioxide 
again  from  the  air,  and  will,  when  fully  saturated  with  it,  weigh  178 
pounds.  If  56  pounds  of  the  burnt  or  quick  lime  is  water-slaked  with 
just  enough  -water  to  complete  the  chemical  change,  the  resulting  hy- 
drated or  water-slaked  lime  will  weigh  about  74  pounds.  In  other 
words,  100  pounds  of  quick  lime  will  take  up  in  chemical  combination 
about  32  pounds  of  water,  thereby  increasing  its  weight  about  one-third 
by  water-slaking. 

From  the  above  it  may  be  seen  that  the  most  concentrated  form  of 
lime  is  the  caustic  or  burnt  lime.  This  being  so,  where  the  lime  has 
TO  be  freighted  long  distances  on  the  railroad  or  hauled  several  miles  on 
country  roads,  or  both,  it  will  usually  be  found  that  this  will  be  «aj 
cheaper  form  in  which  to  buy  lime,  but  not  always.  For  instance,  the 
freight  on  a  carload  of  carbonate  of  lime  (agricultural  lime  so  called) 
will  be  the  same  as  that  on  the  same  amount  of  quick  or  burnt  lime,  yet 
there  would  be  almost  twice  as  much  actual  lime  (calcium  oxide)  in  the 
latter  as  in  the  former,  hence  the  freight  on  the  lime  contained  in  the 
quick  form  would  be  only  about  one-half  of  what  the  actual  lime  con- 
tained in  the  carbonate  form  costs  per  ton. 

In  securing  quotations  on  lime  do  so  upon  percentage  composition 
of  calcium  oxide  and  upon  delivery  at  your  nearest  railroad  station. 
If  they  are  secured  in  this  way  it  will  not  be  difficult  to  decide  from 
whom  to  purchase.  If  these  precautions  are  not  observed  it  will  not 
always  be  easy  to  decide  which  will  be  the  cheapest  source  from  which 
to  secure  one's  supply  of  lime.  One  bushel  of  good  stone  or  rock  lime 
will  weigh  about  90  pounds,  and  when  slaked  will  produce  about  three 
bushels  of  slaked  lime,  which  will  weigh  approximately  45  pounds  per 
bushel. 

Pure  burnt  oyster-shell  lime  weighs  about  60  pounds  to  the  bushel. 
When  it  is  slaked  about  two  and  one-half  bushels  of  slaked  lime  is 
formed,  which  will  weigh  about  40  pounds  per  bushel. 

C.  B.  Williams,  Director. 
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PRESS  BULLETIN  No.  23 

JUNE  iO,  1911 


How  to  Suppress  Housef lies 

That  the  housefly  nuisance  in  any  community  can  be  largely  sup- 
pressed by  united  effort  on  the  part  of  those  who  are  interested  can 
not  be  denied  by  any  one  who  understands  the  situation. 

The  fly  is  not  only  disagreeable  but  is  a  menace  to  health.  Typhoid 
fever  and  cholera  infantum,  and  probably  other  intestinal  disea^s  arf 
often  carried  to  victims  by  flies. 

Steps  should  be  taken  in  every  community  to  commence  a  vigorous 
fight  against  this  pest  and  it  seems  advisable  to  let  every  one  become 
well  informed  about  the  breeding  places  of  flies,  and  the  methods  of 
preventing  them.  Poisoning  and  trapping  the  flies  is  also  of  great  im- 
portance. 

LIFE  HISTORY  AND  BREEDING  PLACES  OF  HOU8EFLIES. 

Flies  originate  largely  from  the  horse,  cow  and  mule  stables.  Cow 
inanure  will  breed  flies  in  great  numbers,  in  spite  of  many  reports  to  the 
contrary.  In  and  around  such  places  the  flies  lay  their  eggs.  Fully 
ninety-five  per  cent  of  all  the  flies  develop  in  the  stable  manure.  Gar- 
bage piles,  heaps  of  decaying  vegetable  matter,  and  any  accumulation  of 
filth  may  breed  flies. 

The  eggs  hatch  in  loss  than  twenty-four  hours  into  small,  white, 
wriggling  maggots. 

The  maggot  stage  of  the  flies  lasts  only  five  days  in  warm  weather. 
Full  grown  maggots  are  about  one-third  inch  long,  with  body  pointed 
at  the  head  end. 

The  full  grown  maggot  changes  to  a  reddish-brown  pupa  stage,  about 
one-fifth  inch  long,  which  lives  about  five  day8gitg|j4y  th^n  Jranjforms  to 
the  adult  winged  fly. 
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A  generation  of  houseflies,  from  egg  to  adult  stage,  may  develop  in  ten 
or  eleven  days.  This  shows  that  if  the  stable  manure  is  hauled  out  once 
a  week,  flies  will  not  have  time  to  mature. 

Fully  fifteen  generations  of  houseflies  mature  during  the  summer. 

Each  female  fly  will  lay  about  one  hundred  and  twenty  eggs^  and 
this  fact  serves  to  account  for  the  great  numbers  of  flies  where  the 
breeding  places  are  not  done  away  with  in  a  community. 

Flies  do  not  usually  travel  over  a  few  hundred  yards  from  their  breed- 
ing places,  so  that  it  is  entirely  practicable,  by  united  effort  on  the 
part  of  those  who  are  interested,  to  do  away  with  most  of  the  houseflies 
in  any  community. 

POISONING  FLIES  WITH  FORMALIN. 

There  are  several  more  or  less  successful  fly  poisons,  such  as  Seibert's 
Poison  Fly  Paper,  but  the  writer  has  had  best  success  with  Formalin. 
This  costs  only  fifty  cents  a  pint,  and  is  used  by  placing  one  tablespoon- 
fvl  in  a  half  pint  cup  of  one-half  each  of  milk  and  water.  This  should 
be  exposed  in  plates,  and  it  is  well  to  put  a  piece  of  bread  in  the  middle 
of  the  mixture  to  furnish  more  surface  on  which  the  flies  can  light  and 
feed. 

This  formalin  solution  seems  to  attract  the  flies  and  kills  them  quickly. 
The  writer  recently  poisoned  over  forty  thousand  (about  4  quarts  of 
flies)  in  less  than  twenty-four  hours  in  a  calf  bam  where  the  flies  were 
very  numerous.  In  this  manner  thousands  of  flies  are  killed  before 
they  have  deposited  eggs. 

When  attempting  to  poison  flies  around  dwelling  houses  it  is  best  to 
expose  the  formalin  poison  mixture  outside  as  well  as  inside  the  houses. 
Use  it  on  the  front  and  back  porches  where  the  flies  are  waiting  to 
enter  whenever  the  doors  are  opened. 

We  can  never  succeed  in  permanently  lessening  the  fly  nuisance  by 
simply  poisoning  or  trapping  the  flies,  but  when  we  attempt  to  prevent 
the  breeding  places,  the  work  of  poisoning  the  adult  flies  will  be  of  great 
assistance. 

Every  citizen  who  is  interested  in  the  health  and  welfare  of  his  family 
should  determine  where  the  flies  are  breeding  and  should  not  be  sus- 
picious of  his  neighbor's  premises  until  he  has  made  a  careful  search 
for  the  breeding  places  of  flies  on  his  own  place. 

R.  I.  Smith,  Entomologist. 
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SELF-STERILITY  OF   THE    SCUPPERNONG    AND    OTHER 
MUSCADINE  GRAPES 

BY 

F.  C\  Rbimer  and  L.  R.  Dktjbn'. 

The  subject  of  self-sterility  is  one  of  the  most  important  connected 
with  fruit  culture.  Horticulturists  know  that  certain  varieties  will 
produce  very  little  or  no  fruit  when  isolated  or  planted  by  themselves. 
It  has  been  conclusively  demonstrated  that  some  varieties  of  plums, 
pears,  apples,  grapes,  and  figs  must  be  planted  near  other  varieties 
to  make  them  fruitful.  For  example,  the  Wildgoose  plum  when 
[)laiited  by  itself  will  produce  very  little  fruit.  While  many  orchards 
in  the  South  solely  of  this  variety  are  producing  fruit,  it  is  because 
every  thicket  or  roadside  contains  many  trees  of  the  wild  Chickasaw 
plum,  which  supply  an  abundance  of  pollen  that  is  carried  to  the 
flowers  of  the  Wildgoose  plum  by  bees.  The  amount  of  fruit  in  such 
orchards  decreases  as  the  distance  from  these  wild  Chickasaw  plums 
increases.  The  Kieffer  pear,  which  is  one  of  the  most  proliiic  of 
all  varieties  when  planted  in  a  mixed  orchard,  often  bears  very  little 
fruit  when  planted  by  itself.  There  are  many  fig  trees  in  this  State 
which  drop  all  of  their  fruit  regularly  because  their  flowers  are  not 
properly  fertilized  with  pollen  from  other  types  of  figs. 

It  can  be  understood  that  this  is  a  question  of  great  practical  im- 
portance, and  that  one  should  know  definitely  before  planting  a  cer- 
taiji  variety  whether  it  is  self-fertile  or  self-sterile.  Unfortunately, 
this  question  has  not  been  answered  for  many  of  our  fruits;  the  >^nh-. 
ject,  therefore,  offers  a  splendid  field  for  investigation. 

SELF-STERILITY  OF  MUSCADINE  GRAPES 

During  the  last  few  years  great  interest  has  been  manifested  in 
the  Muscadine  grapes — Vitis  rotundifolia.  In  many  instances  large 
vineyards,  sometimes  exceeding  a  hundred  acres  in  area,  have  been 
planted.  One  of  the  most  important  questions  that  has  been  asked 
l)y  the  leading  growers  is  that  relating  to  self-sterility.  The  Horti- 
culturist of  the  Station  has  often  been  asked  this  question,  and  has 
had  considerable  correspondence  regarding  the  matter.  Letters  have 
come  not  only  from  this  State,  but  from  other  Southeastern  States, 
and  as  far  west  as  Texas. 

If  the  variety  is  self-sterile  it  will  be  necessary  for  best  results  to 
plant  and  maintain  in  the  vineyard  male  vines  which  do  not  bear 
any  fruit.  If  the  variety  is  self-fertile  it  would  not  be  necessary  to 
go  to  this  expense.  The  question  ought  to  be  detinitc^ly  and  finally 
answered  by  experimental  results. 

The  discussion  of  this  question  has  become  important  because  it 
has  been  variously  answered  by  different  people.     This  Station, in 
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two  of  its  Bulletins  has  stated  that  the  Scuppemong  grape  is  self- 
sterile.  A  Bulletin  from  the  South  Carolina  Station  states  that  it  is 
self-fertile.  Ore  of  the  largest  nurserymen  in  the  South  maintains 
that  the  variety  is  self-sterile ;  and  another  leading  nurseryman  state? 
that  it  is  self-fertile.  The  growers  and  planters  do  not  know  whose 
advice  to  follow,  as  no  conclusive  evidence  has  been  given.  In  April, 
1909,  this  Station  published  Bulletin  No.  201,  which  gave  for  the  first 
time  the  results  of  experimental  work  on  the  problem  of  self-sterility 
in  Muscadine  grapes. 

Our  work  on  this  problem  has  now  been  carried  on  for  three  years 
and  we  believe  that  the  results  are  conclusive.  These  results  should 
be  of  great  value  to  grape  growers. 

IHTYESTIGATIONAL  WORK. 

A  careful  study  has  been  made  of  self-sterility  of  Muscadine  grapes 
by  (1)  bagging  the  flower  clusters;  (2)  germination  tests  of  pollen; 
(3)  microscopic  study  of  pollen;  (4)  proportion  of  flowers  that  de- 
velop fruit;  (5)  study  of  the  structure  of  flowers;  and  (6)  influence 
of  male  vines  on  crop. 

TYPICAL  VIITES  TESTED. 

Representative  vines  of  each  variety  were  selected  for  this  work. 
Some  of  the  vines  are  noted  for  their  heavy  bearing  quality ;  others 


FiQ.  1. — Vine  showing  covered  branches  and  flower  clusters. 

are  simply  good  average  vines,  typical  of  the  variety.  Only  two  very 
poor  yielders  were  selected,  of  which  special  mention  will  be  made. 
To  make  the  results  as  conclusive  as  possible,  the  work  was  conducted 
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in  both  the  Lower  Piedmont  and  Coastal  Plain  section  of  the  State. 
All  but  one  of  the  important  varieties  of  this  species  originated  in  the 
Coastal  Plain  section  of  North  Carolina.  The  work  with  two  of  the 
varieties  was  conducted  in  the  vineyard  in  which  they  had  originated; 
and  in  one  case  on  the  original  vine  itself.  The  Scuppernong  vines 
were  located  on  thirteen  different  farms;  while  the  fruiting  forms  of 
the  wild  Muscadines  were  at  eighteen  different  places. 

BAGGING. 

If  a  variety  is  self-fertile,  its  own  pollen  will  fertilize  the  ovaries 
and  it  will  develop  fruit  even  though  the  flowers  are  covered  during 
the  blooming  season  so  as  to  exclude  foreign  pollen.  If  the  variety 
is  self-sterile,  it  will  require  pollen  from  another  plant  to  fertilize  its 
flowers  to  bring  the  fruit  to  maturity.  Covering  the  flowers  of  such 
a  self-sterile  plant  during  the  blooming  season  would  prevent  the 
entrance  of  other  pollen  and  prevent  any  fruit  from  setting. 


Fia.  2.— Two  branches  from  Scuppernong  vine  shown  in  Fig.  1,  photographed  Immediately  after  removal 
of  bagf.    Cluster  on  left  treated  with  male  pollen,  cluster  on  right  untreated. 

In  the  preliminary  work,  light  paper  bags*,  mosquito  netting,  and 
Pacific  lawn  were  used  for  covering,  and  it  was  found  that  the  latter  is 
the  most  satisfactory  material.     It  is  light  in  weight,  allows  air  and 
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light  to  pass  through  readily,  has  very  fine  meshes,  and  is  very  dur- 
able. One  hundred  and  thirty  yards  of  this  was  made  into  ba^ 
varying  in  size  from  4x6  inches  to  ilV^  x  4^/2  feet. 

The  bags  were  ])Ut  on  just  before  the  first  flowers  opened  and  left 
on  until  after  the  bloiuning  season.  Fig.  1  shows  some  of  these 
bags  on  the  vine.  The  number  of  flower  clusters  in  each  bag  vant^l 
from  one  in  the  smallest  bags  to  about  four  hundred  in  the  large^r. 
The  flower  clusters  of  the  Muscadine  are  small  and  are  bt»rue  mc^stlN 
on  short  branches.  The  main  branches  are  very  much  divided  s^» 
that  a  bag  12x16  inches  will  often  cover  from  forty  to  tifty  flnwrr 
clusters. 

BA60ING  THE  SCUFPEBNONG. 

f  u  1908,  twenty-five  branches  on  two  vines  were  covere<l.  Tweniy 
of  these  were  left  untreated,  and  no  fruit  developed  on  them.  In 
the  other  five  bags  male  flower  clusters  were  tied  to  the  Scuppernou^ 
flower  clusters  as  soon  as  the  flowers  had  opened ;  in  three  of  these 
bags  normal  clusters  of  fruit  developed. 


tui.  3.  -Lur^e  ScupiJcrrionK  frult-clusUT,  the  n-sult  of  hand  pollination  with  male  poUen 

In  IDOl),  one  hundred  and  five  branches  on  three  vines  were  cov- 
lued.  Fifty  of  these  were  left  untreated ;  no  fruit  developed  in  these 
l»aii:s.      Tn  the  other  fiftv-five  basre  male  flower  clusters  were  inserted. 
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In  eleven  of  these  uonnal  fruit  clusters  developed.  The  small  propor- 
tion of  bags  containing  fruit  where  male  flowers  were  inserted  was 
probably  due  to  the  fact  that  the  male  flowers  had  not  opened  when 
inserted,  and  many  of  them  dried  up  before  o])ening. 

The  most  extensive  work  was  done  during  the  blooming  season  of 
the  present  year,  1910,  when  two  hundred  and  sixty-four  branches  on 
-iix  vines  were  covered.  Two  hundred  and  eight  of  these  were  left 
untreated,  and  one  hundred  and  ninety-eight  did  not  develop  a  single 
berrj'.  The  other  ten  untreated  branches,  which  were  all  on  one 
vine,  gave  some  interesting  results.  Each  of  these  ten  bags  contained 
from  one  to  twenty-seven  poorly  developed,  flat,  seedless  berries,  from 
one-tenth  to  one-fifth  normal  size.  Only  two  of  these  ccmtained  more 
than  ten  berries;  the  average  of  the  ten  bags  being  6.S  berries  to  the 
hag.     Two  of  these  ten  hags  also  contained  one  normal  berry  each 


Fit;.  4. — Branch  of  ScuppernoDK.  sahowing  crop  in  one  bag  where  flowers  had  been  hand-polUnated 

with  male  pollen. 

with  seed,  and  one  bag  had  two  small  berries  containing  small,  hollow 
worthless  seeds.  Three  of  the  bags  used  on  this  vine  were  very  large, 
each  bag  containing  about  four  hundred  flowc^r  <^*U^?tite(r8y  V3?!te^ftf^^ 
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number  of  flower  clusters  in  these  ten  bags  was  about  fourteen  hun- 
dred. This  gives  an  average  of  one  small  seedless  berry  to  everv 
twenty  flower  clusters,  and  one  berry  with  seed  for  every  seven  hun- 
dred flower  clusters  on  this  vine.  The  seedless  berries  developed 
without  any  fertilization.  The  two  berries  containing  normal  seed? 
were  properly  fertilized,  but  we  do  not  know  how  the  male  pollen  got 
into  these  bags.  It  is  possible  that  it  was  washed  through  the  meshe- 
of  the  sacks  by  rain. 

The  other  fifty-six  covered  branches  on  these  six  vines  were  can- 
fully  hand-pollinated  several  times  with  pollen  from  a  male  vine. 
Fifty-three  of  these  branches  developed  normal  fruit.  Most  of  these 
branches  were  heavily  loaded,  some  of  them  containing  at  least  ten 
times  as  much  fruit  as  similar  branches  on  the  same  vines  which  had 
not  been  covered,  and  were  exposed  to  chance  cross-pollination.  The 
clusters  in  many  of  the  bags  were  much  larger  than  those  usually  pro- 
duced by  this  variety;  several  clusters  contained  over  twenty  berrie> 
each.  One  small  bag  with  several  clusters  contained  one  hundre«l 
and  twenty-two  large,  normal  berries. 

On  one  of  the  most  prolific  Scuppernong  vines  under  experimeDT 
four  branches  of  practically  the  same  size  and  all  on  the  same  ami 
were  selected.  These  were  not  covered  and  hence  were  exposed  t<> 
the  visits  of  insects.  Two  of  the  branches  were  left  untreated ;  these 
dev'eloped  twenty-two  berries.  The  other  two  were  hand-polIinate*l 
several  times  with  pollen  from  a  male  vine.  One  of  these  developeif 
ninety  and  the  other  one  hundred  and  seventy-one  berries  (Fig.  5). 
This  difference  was  more  marked  than  it  would  be  in  a  more  favor- 
able blooming  season. 

One  of  the  Scuppernong  vines  and  two  of  the  James  vines  worke<l 
with  during  1910  were  the  most  prolific  vines  that  the  writers  have 
ever  seen,  but  these  proved  to  be  self-sterile  like  all  the  others. 

One  of  the  Scuppernong  vines  used  in  the  work  in  1910  was  eight 
years  old  but  had  never  borne  any  fruit.  Eight  flower  clusters  were 
selected  on  this  vine,  six  of  which  were  covered  with  bags.  Four  of 
those  covered  clusters  were  left  untreated ;  no  fruit  developed  in  these 
bags.  But  male  pollen  was  applied  to  the  flowers  in  the  other  two 
bags,  and  to  the  two  flower  clusters  which  were  left  uncovered ;  every 
one  of  these  developed  a  good  cluster  of  fruit. 

As  the  stamens  are  short  and  reflexed  in  the  flowers  of  the  Scupper- 
nong, it  might  be  supposed  that  no  fruit  could  set  on  the  covered  dus- 
ters as  all  insects  were  excluded  and  it  would  be  impossible  for  the 
pollen  to  get  on  the  stigma,  even  though  the  variety  might  be  self- 
fertile.  In  1909,  twenty-seven  flower  clusters  of  the  Scuppernong 
were  bagged,  and  later,  when  the  flowers  had  opened,  pollen  from  the 
James  grape  was  applied  to  the  stigmas ;  not  a  single  berry  set.  In 
1910,  fourteen  branches  of  the  Scuppernong  containing  many  flower 
clusters  were  similarly  covered.     Nine  of  thesi^'^^l^  carefully  hand 
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pollinated  with  pollen  from  another  portion  of  the  Scuppernong  vine, 
and  five  with  pollen  from  a  James  vine.  One  small  seedless  berry 
developed  in  one  bag  where  the  James  pollen  was  applied,  and  a  sim- 
ilar berry  where  the  Scuppernong  pollen  had  been  applied.     This 


Fia.  6.— Branch  of  Scuppernong,  flowers  on  right  hand  pollinated  with  male  pollen,  on  left  untreated. 
Thia  branch  was  not  covered.      1010.  an  unfavorable  blooming  season. 

proves  that  the  pollen  from  the  Scuppernong  is  ineflFective  on  its 
pistils.  Also  that  the  pollen  from  the  James,  typical  of  other  Mus- 
cadine varieties  now  in  cultivation,  is  ineflFective  on  the  Scuppernong. 

WORK  WITH  OTHER  TARIETIES. 

FLOWERS. 

During  1908,  twenty-five  branches  on  two  vines  wore  covered  to 
prevent  cross-pollination ;  no  fruit  set  in  any  of  these  bags. 

In  1909,  seventy-eiffht  brarches  on  two  vines  were  covered :  no 
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Ill  1910,  twenty  branches  were  covered  on  one  vine.  Fourteen  of 
these  were  left  untreated,  and  no  fniit  set  in  these  bags.  The  other 
six  bags  were  opened  several  times  and  male  pollen  applied  t<i  the 
pistils ;  five  of  those  bags  contained  well  developed  clusters  of  fniit. 

JAMES. 

In  1908,  twenty-six  branches  were  covered  on  one  vine.  All  of 
these  were  left  untreated,  and  no  fruit  set. 

In  1910,  eighty-three  branches  on  six  vines  were  covered.  Sixty- 
seven  of  these  were  left  untreated,  and  no  fruit  set.  Sixteen  wert- 
<;arefully  hand-pollinated  with  male  pollen;  fourteen  of  these  bag> 
<'ontained  good  clusters  of  fruit. 

THOMAS. 

In  1909,  thirty-eight  bags  were  placed  on  one  vine;  no  male  pollen 
Avas  added  and  no  fruit  developed. 

In  1910,  twenty-six  bags  were  put  on  one  vine.  Twenty  of  thes*- 
were  left  untreated,  and  no  fruit  set.  The  other  six  branches  were 
<-arefully  hand-pollinated  with  male  pollen ;  five  of  these  bags  ilevel- 
'»ped  normal  clusters  of  fruit. 

MISH. 

In  1909,  twenty-five  bags  were  put  on  one  vine.  No  male  pollen 
was  added  and  no  fruit  set. 

Summarizing  these  results  for  the  Scuppernong,  Flowers,  James. 
Thomas,  and  Mish,  we  have  five  hundred  and  sixty-eight  branches, 
each  containing  from  one  to  four  hundred  flower  clusters,  which 
were  covered  to  exclude  the  foreign  pollen.  In  five  hundred  an«l 
fifty-eight  of  these  bags  no  fruit  developed.  In  eight  bags,  small, 
seedless,  practically  worthless,  berries  developed.  In  two  bags,  h 
total  of  two  normal  berries,  and  several  small  worthless,  seedless 
berries  developed. 

On  the  Scuppernong,  Flowers,  James,  and  Thoma^,  one  hundretl 
and  forty-four  branches  were  covered  with  bags,  and  later  treated 
with  pollen  from  male  vines.  Ninety-one  of  these  bags  containe<i 
well  developed  fruit,  many  of  these  branches  being  heavily  loaded. 

GERMINATION  TESTS  OF  POLLEN. 

The  germinating  power  and  value  of  grape  pollen  can  be  teste<l  in 
the  laboratory.  This  is  done  by  placing  the  pollen  in  cells  containing 
hanging  drops  of  the  proper  solution.  Various  solutions  are  used 
for  testing  purposes,  but  a  solution  of  cane  sugar  has  proved  satis- 
factory with  nin>(  pollen  grains. 
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In  preliminary  work,  Scuppernong  and  male  pollen  were  studied 
in  various  strengths  of  cane  sugar  solution,  varying  from  nothing  tO" 
forty  per  cent  concentration.  It  was  found  that  a  thirty  per  cent 
solution  gave  bv  far  the  best  results  with  the  male  pollen.     The  Scup- 


Fi«..  6.   -Male  pollen  germloatliiK  in  sugar  solution,  after  forty-eight  hours.     (Mlcrophotograph). 


j)eriiong  pollen  did  not  germinate  in  any  of  these  strengths.  Pure 
olive  oil  was  also  tried,  but  neither  the  male  nor  the  Scuppernong 
pollen  germinated  in  this. 

After  the  preliminary  tests  were  made  to  determine  the  best 
strength  of  solution,  extensive  tests  were  made,  the  results  of  which 
are  given  in  the  following  table: 


Variety. 


Scuppernong 

James -.       .. 

Flowers 

Thomas 

Mlah 

Memory 

Flowers  Improved 

Hopkins - 

Tenderpulp 

Luol  a 

Labama 

San  Jadnto 

San  Melaska 

Wild  Fruiting  Muscadines  . 
Male  vines 


nber  of 

Number  of 
Vines 

Germination 

^lla. 

Represented. 

Per  cent. 

435 

14 

No  germination. 

30 

No  germination. 

30 

No  germination. 

26 

No  germination. 

20 

No  germination. 

25 

No  germination. 

25 

No  germination. 

10 

1 

No  germination. 

10 

No  germination. 

25 

No  germination. 

10 

No  germination. 

10 

No  germination. 

10 

1                 1 

No  germination. 

486 

1                18 

No  germination. 

657 

1                 5 

2-98.                        1 
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Each  cell  contained  from  two  hundred  to  four  hundred  poller 

grains. 

The  male  pollen  germinated  vigorously  in  from  three  to  four  hjur?. 


Fio.  7.— Scuppernong  pollen  In  sugar  solution  after  forty-eight  hours,  showing  no  gprminauon 

(Microphotograph). 

Not  a  single  pollen  grain  from  any  of  the  cultivated  varieties,  or  fniir- 
ing  wild  Muscadines  worked  with  in  this  test,  germinated. 

MICROSCOPIC  STUDY  OF  POLLEN. 

A  microscopic  examination  of  the  dry  pollen  of  these  varierit? 
shows  why  they  are  self-sterile.  The  male  pollen  grains  as  shuwi. 
in  Fig.  8  are  oblong  in  shape  and  plump  in  appearance.  Thoso  of 
the  Scuppernong  are  very  irregular  and  vary  a  great  deal  in  shape. 
They  appear  like  mere  shells  (Fig.  9).  The  following  varieties  wen- 
examined  and  all  have  worthless  pollen  like  that  of  the  Scuppemoiii: : 
James,  Thomas,  Mish,  Flowers,  Memory,  Hopkins,  Tenderpnlp. 
Flowers  Improved,  Luola,  Labama,  San  Jacinto,  and  San  Mela>ka, 
and  a  large  number  of  fruit-bearing  wild  Muscadines. 

STRUCTURE  OF  THE  FLOWERS. 

The  stamens  of  the  male  vines  are  very  long,  stand  upright,  rJ 
contain  a  large  amount  of  pollen.  The  stamens  of  the  Scupperi.oi:^ 
are  short,  recurved  or  reflexed,  and  the  anthers  contain  much  K*^- 
pollen  than  those  on  the  male  vines.  The  flowers  on  both  types  an 
fragrant. 
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Fig.  8.— Dry  male  pollen  (Mfcrophotograph). 
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Fio.  tt.— Dry  Scuppernpng  pollen  (Microphotograph). 
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The  stamens  of  all  the  varieties  of  Viiis  rotundifolia  exaiiiiDr- 
and  all  except  one  of  the  fruiting  forms  of  wild  Muscadines  are  sici 
ilar  to  those  of  the  Scupperuonfi:. 


Fio.  10.— Flowers  of  SouppornoDg  on  left,  wild  Muscadine  In  middle,  and  male  on  right 

NUMBER  OF  PISTILS  THAT  DETELOP  INTO  FBCIT. 

Only  a  very  small  proportion  of  the  flowers  of  the  cultivated  varn- 
ties  of  this  species  develop  into  berries.     This  accounts  for  the  snial 
clusters.     A  careful  count-  was  taken  of  all  the  flowers  on  a  brand. 
It  contained  one  hundred  and  twenty  flower  clusters.      The  numln  - 
of  flowers  in  the  cluster  varied  from  ten  to  fifty.     The  average  f«»r 
the  one  hundred  and  twenty  clusters  was  twenty-three  flowers  to  tlu 
cluster.     The  number  of  clusters  that  developed  berries  on  this  braiuL 
was  twenty-five.     The  number  of  berries  to  the  cluster  varied  fr^ii: 
one  to  nine,  or  an  average  of  2.7.     If  all  the  flowers  of  the  Scupjx^r 
nong  developed  into  fruit,  this  variety  would  produce  clusters  "i 
good  size,  instead  of  the  small  ones  which  usually  contain  from  <»iit 
to  five  berries.     As  many  as  sixty  flowers  have  been  observed  in  a 
cluster  of  the  Scuppernong  grape,  but  the  largest  number  of  berrit*> 
vet  found  on  a  single  cluster  after  a  careful  search  of  the  best  viiit-. 
was  twenty-seven. 

These  figures  strongly  indicate  self-sterility.     TTsually,  most  of  tlx- 
flow^ers  fail  to  get  pollinated  with  pollen  from  male  vines. 

The  branch  mentioned  above  which  contained  one  hundred  ami 
twenty  flower  clusteib,  was  typical  of  the  remainder  of  the  viiu-. 
This  branch  had  a  spread  of  two  by  two  feet.     The  entire  \nne  co^ 
ered  an  arbor  thirtv-two  bv  fortv-four  feet.     If  every  flower  «>n  ihl- 
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vine  had  developed  into  a  normal  sized  berry  it  would  have  produced 
two  hundred'  and  nine  bushels  of  fruit,  or  at  the  rate  of  six  thousand 
four  hundred  and  seventy-nine  bushels  per  acre.  The  largest  actual 
yield  of  this  variety  ever  authentically  reported  was  at  the  rate  of 
eight  hundred  and  seventy  bushels  per  acre. 

INFLIENCE  OF  MALE  TINES. 

The  most  prolific  vines  of  the  varieties  studied  have  usually  been 
found  where  there  were  male  vines  nearby.  For  example,  the  vines 
found  within  the  city  of  Raleigh  are  not  nearly  so  prolific  as  are  those 
in  the  country  or  in  the  <»utskirts  of  the  city.  This  is  due  to  the  very 
-iiiiall  number  of  male  vines  found  in  the  city.  The  writers  know 
i>f  two  Scuppernong  vines  in  Raleigh,  however,  which  are  very  pro- 
lific. In  one  instance  a  male  vine  is  growing  on  the  same  arbor  with 
the  Scuppernong;  in  the  other  the  male  vine  is  less  than  one  hundred 
feet  from  the  Scuppernong  vine. 

Another  good  example  is  a  vineyard  of  James  just  east  of  Raleigh. 
The  most  prolific  vines  are  found  in  the  two  outer  rows.  There  are 
two  male  vines  on  an  arlM)r  near  one  of  these  rows,  and  several  male 
vines  in  the  edge  o{  the  w(»ods  near  the  row  on  the  other  side. 


Fig.  II. — FlowtT  clu*'t«T  of  Scupi^ernoDg  on  right,  male  on  left,  in  bloom. 

A  careful  study  was  made  of  the  influence  that  male  vines  have  on 
the  crop  in  a  very  large  vineyard  in  the  eastern  part  of  the  State. 
The  Scuppernong  and  Mish  vines  immediately  around  the  male  vines 
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were  far  more  prolific  than  similar  vines  some  distance  away,  where 
other  conditions  were  the  same,  snch  as  age  of  vines  and  character 
of  soil.  A  careful  study  showed  that  a  Mish  vine  twenty-tive  feet 
from  a  male  vine  contained  a  little  more  than  twice  as  much  fnn't  a> 
another  ilish  vine  one  hundred  and  fifty  feet  from  this  male  vine. 

In  another  portion  of  the  vineyard  a  Mish  vine  twenty-five  f(H4 
from  another  male  vine  contained  three  times  as  much  fmit  as  an 
other  Mish  vine  one  hundred  and  fifty  feet  away. 

A  Scuppernong  vineyard  in  which  there  were  male  vines  eontaihe-l 
at  least  five  times  as  much  friiit  per  vine  as  another  Scup})ernoiig  vint- 
vard,  on  the  same  fann,  in  which  there  were  no  male  vines. 

Old  neglected  vines  are  sometimes  more  prolific  than  well  culti- 
vated vines.  This  is  due  to  the  presence  of  male  vines  which  have 
con^.e  up  under  the  arbor  from  the  seeds  of  the  Scuppenioug. 

APPARENT  EXCEPTIONS. 

The  writer  knows  of  Scuppernong  vines  which  are  long  di.-tauiv^ 
from  male  viiies^  in  some  instances  as  much  as  a  fourth  of  a  mile, 
which  often  bear  good  crops.  Such  vines  indicate  that  the  variety  i> 
self-fertile.  Two  such  vines  were  used  in  this  work,  but  these  proves! 
to  be  self-sterile  just  like  all  the  other  vines  of  this  variety.  A  can- 
ful  study  of  these  vines  showed  that  they  produce  good  crops  only 
when  the  weather  during  the  blooming  season  is  very  favorable  to 
insect  work.  When  the  weather  is  rainy  and  cloudy  during  the 
blooming  season  such  vines  produce  very  small  crops. 

Furthermore,  since  the  blooming  season  of  each  variety  covers  tw(» 
to  four  weeks,  and  since  an  enormous  crop  of  flowers  is  usually  pnv 
duced,  the  chances  are  that  insects  will  carry  enough  ix)llen  long  di>- 
tances  during  favorable  seasons  to  insure  a  fair  crop  of  fruit. 

AN  EXCEPTIONAL  VINE. 

During  the  summer  of  1910  an  exceptional  wild  Muscadine  vine 
was  found  about  one  mile  from  the  Station  grounds.  It  is  a  fruiting 
vine,  with  a  very  large  number  of  pistils  in  each  flower  cluster,  many 
clusters  containing  from  one  hundred  to  one  hundred  and  fifty  pistil>. 
It  is  distinct  from  all  other  fruiting  vines  examined  in  that  the  sta- 
mens are  like  those  on  the  male  vines;  that  is,  long,  upright,  with  an 
abundance  of  good  fertile  pollen.  Pollen  from  this  vine  placed  in 
a  sugar  solution  genniuated  readily,  at  least  ninety-five  per  cent  of 
the  pollen  grains  in  each  cell  germinating.  While  there  are  a  great 
many  pistils  in  each  flower  cluster,  these  pistils  are  very  small  in 
size,  and  the  clusters  of  fruit  are  no  larger  than  those  on  the  self- 
sterile  wild  vines.  This  vine  was  found  late  in  the  season  and  our 
work  with  it  has  been  too  limited  to  draw  anv  conclusions. 
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ABINDAXCE  OF  MALE  TINES. 

Wild  Muscadine  vines  are  verv  abundant  all  through  the  eastern 
lialf  of  this  State.  They  are  found  in  forests,  along  streams,  roads, 
ill  hedge  rows,  in  blaekberrv  and  plum  thickets,  and  along  neglected 
fences.  At  least  seventy-five  per  cent  of  these  are  male  vines.  This 
t'xplains  why  the  cultivated  Muscadines  often  bear  abundantly,  al- 
though male  vines  may  never  have  been  planted  in  the  vineyard. 

RESULTS. 

The  results  obtained  indicate  conclusively  that  the  leading  varieties 
of  cultivated  Muscadire  grapes  are  self-sterile.  Also  that  practically 
all  of  the  perfect  flowered  wild  iluscadine  grapes  are  self-sterile. 
While  we  have  vines  of  all  of  T.  V.  Munson's  hybrids  of  this  species, 
only  three  of  these  have  bloomed,  and  these  have  proved  self-sterile, 
^lunson  states  that  the  o.thers  also  are  self-sterile. 

APPLICATION  OF  RESULTS 

Since  the  cultivated  varieties  of  this  species  are  self-sterile,  provi- 
sion should  be  made  for  cross-})ollinating  them.  Where  such  varieties 
are  growing  near  wild  male  vines  a  fair  crop  may  be  obtained  with- 
out planting  any  male  vines.     But  to  insure  largest  yields,  male  vines 


Fia.  12. — Cliwters  showing  pistils  of  Scuppernong  on  left:  Imperfect  pl!«tll-*  of  male  on  light. 


should  always  be  planted  with  these  varieties.  This  is  a  rather  ex- 
pensive practice,  as  the  male  vines  must  be  given  space  and  cared 
fur,  although  they  do  not  bear  any  fruit  themselves.  The  value  of 
male  vines  in  the  vineyard  will  be  mo^r  apparent  djn-^in|j:^yV|^^\<jmyo 
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seasons.  The  question,  whether  cultivated  varieties  of  other  spv- 
can  be  used  as  poUinizers,  will  probably  be  asked.  Up  to  the  presa 
time  no  varieties  have  been  brought  into  cultivation  that  will  *trr 
this  useful  pui.'pose.  The  blooming  season  of  the  Muscadine  grat- 
is much  later  and  lasts  much  longer  than  that  of  any  self-fer 
species. 

It  is  impossible  to  state  what  proportion  of  a  vineyard  shoulc  • 
male  vines.  For  best  results  it  seems  that  a  male  vine  should  - 
planted  for  every  fruiting  vine  and  trained  on  the  same  arbor.  TL^ 
would  certainly  insure  the  largest  crop.  Such  proximity  of  ui. 
vines  would  be  especially  serviceable  during  rainy  weather  when  i* 
sects  are  not  very  active.  The  two  vines  would  intermingle  on  > 
arbor,  and  the  male  flowers  and  fruiting  flowers  w<niM  1>e  nearer  e;^ 
other  than  in  any  other  method  of  planting. 

But  there  are  objections  to  this  method  of  planting*.  Unless  ^^- 
tematically  pruned,  the  male  vines  will  tend  to  make  the  arbor  m -^ 
dense  and  increase  the  amount  of  shade,  both  of  which  conditi  •- 
are  serious  hindrances  to  the  insects  that  carry  the  pollen.  T:.* 
double  growth  of  vines  would  also  increase  the  difficulties  in  primi:  - 
and  in  harvesting  the  fruit. 

The  most  satisfactory  plan  probably  would  be  to  plant  male  vii.- 
in  every  third  row,  and  to  have  only  every  third  plant  in  this  r 
a  male  vine.  This  would  give  one  male  plant  for  every  eight  frnr 
ing  plants,  and  these  fruiting  plants  would  be  well  grouped  an»'ii  • 
the  male  vines.  The  following  sketch,  in  which  circles  indiea'' 
fruiting  vines  and  the  crosses  male  vines,  illustrates  this  method  •* 
planting: 
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KIND  OF  MALE  TINES  TO  PLANT. 

There  is  great  variation  in  male  vines.  Some  are  very  heavy 
bloomers,  producing  a  groat  number  of  flower  clusters  of  large  size 
and  hence  an  abundance  of  pollen,  while  other  vines  produce  few 
Hower  clusters,  often  of  small  si7.e,  and  hence  comparatively  little 
pollen.  Some  male  vines  bloom  early,  others  late.  Some  have  a 
long  blooming  season,  while  others  bloom  for  only  a  short  time.  Fig. 
13  shows  the  variation  in  the  size  of  the  flower  clusters,  and  hence  the 
amount  of  pollen  produced. 


Fio.  13.— Male  flower  clusters  In  bud.    One  on  left  showing  site  from 
an  average  vino;  the  one  on  right,  slse  from  an  exceptional  vine. 


The  cultivated  varieties  of  Muscadine  grapes  also  have  a  long 
blooming  season ;  and  some  varieties  bloom  ctnisiderably  earlier  than 
others.  This  emphasizes  the  necessity  of  planting  not  simply  male 
vines,  but  the  right  kind  of  male  vines. 

Varieties  that  bloom  early,  like  the  Hopkins,  and  Memory,  should 
have  early  blooming  male  vines  planted  with  them.  Varieties  that 
bloom  during  mid-season,  like  Scuppernong,  James,  Mish,  Thomas, 
and  Tenderpulp,  should  be  planted  with  male  vines  blooming  at  that 
time.  The  late  blooming  varieties  like  Flowers,  Flowers  Improved, 
and  Luola  require  late  blooming  male  vines. 

Nurserymen  who  sell  varieties  of  this  species  should  also  propagate 
male  vines  which  will  correspond  in  blooming  season  with  the  par- 
ticular  varieties  they  are  selling.  ^.g,,,^^^  byGoOgk 
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WEATHER  DURIXG  BLOOMIXO  SEASON. 

The  entire  blooming  season  of  all  varieties  extends  from  the  middle 
of  ^lay  until  the  last  of  June.  During  that  season  the  weather 
should  be  warm,  with* an  abundance  of  sunshine  and  comparatively 
few  showers.  During  such  weather  insects  are  most  active,  the  pollen 
is  in  good  condition,  and  fertilization  takes  place  readily.  The  cmp 
fails  oftener  from  continued  rains  during  the  blooming  season  than 
from  anv  other  cause.  Growers  know  that  a  wet  June  always  inea«> 
a  poor  crop  of  Muscadine  grapes.  Where  male  vines  are  abundant, 
wet  weather  during  the  blooming  season  is  the  only  cause  of  a  general 
crop  failure  among  ^luscadiiie  grapes. 

WORK  OF  INSECTS. 

The  pollen  is  carried  from  the  male  vines  to  the  fruiting  vines  by 
insects,  the  most  important  ()f  which  are  honey  bees,  and  various  flies. 
But  these  insects  are  not  nearly  so  abundant  nor  so  active  on  this 
species  of  grapes  as  they  are  on  many  other  plants.  This  fact  prob- 
ably more  than  anything  else  accounts  for  the  small  proportion  of 
flowers  that  develop  into  fruit.  This  probably  explains  why  nature 
has  provided  such  a  large  proportion  of  male  vines.  For  this  reas<»n 
the  writer  recommends  a  larger  proportion  of  male  plants  than  is 
usually  recommended  for  other  self-sterile  plants. 

Every  effort  should  be  made  to  encourage  bees.  It  is  very  evident 
from  our  results  that  at  least  one  hive  of  bees  should  be  kept  where 
any  large  luunber  of  vines  are  grown. 

SELF-STERILITY  XOT  ALWAYS  RESPONSIBLE. 

Self-sterility  is  not  responsible  for  all  ]>oor  crops.  Even  where 
male  vines  are  abundant  a  vine  may  not  produce  a  large  crop.  If 
the  vines  are  very  heavily  fertilized  wnth  nitrogenous  materials  with- 
out a  corresponding  amount  of  potash  and  phosphoric  acid,  there  will 
be  a  very  rank  growth  of  vines  at  the  expense  of  fruit.  Heavy  clay 
soil  is  not  suited  to  iluscadine  grapes  and  the  crop  is  usually  light  on 
<uch  soils.  Low,  moist,  black  loam  soil  also  produces  a  very  rank 
iiTowth  and  a  small  crop  of  fniit.  Vines  on  very  poor  soil,  unle^^ 
liberally  sui)])lied  with  manure  and  commercial  fertilizer,  will  usually 
U'ive  small  cro])s  of  fruit.  Where  vines  become  badly  affected  with 
Tilack  T?ot  the  crop  is  materially  reduced. 

VALUE  OF  PRUNING. 

One  of  the  chief  hindrances  to  proper  cross-pollination  is  the  very 
heavy  growth  of  vines  on  manj'  arbors,  some  of  the  old  vines  forming 
<lense  mats  more  than  a  foot  thick.  It  is  difficult  for  insects  to  get 
to  many  of  the  flower  clusters  in  such  compacli^^c^j^^^^ce  cros?- 
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pollination  is  almost  entirely  prevented.  This  emphasizes  the  neces- 
sity of  proper  pruning  and  thinning  of  the  vines  so  that  insects  can 
readily  get  to  all  the  flowers.  The  vines  should  be  systematically 
pruned  every  year  during  November.  Such  pruning  seems  to  have  a 
marked  eflFect  in  increasing  the  size  of  the  fruit  clusters. 

GROWING  PLANTS  FBOM  SEEDS. 

One  of  the  most  interesting  things  that  has  developed  in  our  work 
is  the  character  of  the  seedlings  grown  from  seeds  of  the  Scupper- 
iiong.  It  is  generally  known  that  the  seedlings  of  the  Scuppemong 
in  nearly  every  instance  produce  dark  fruit,  while  the  Scuppernong 
bears  light-colored  fruit.  If  the  Scuppernong  were  self-fertile  this 
probably  would  not  happen.  There  are  two  types  of  male  vines.  On 
one,  which  resembles  the  Scuppernong,  the  leaves,  young  shoots,  nodes, 
and  tendrils  are  light  or  greenish  in  color.  The  other  type,  which 
resembles  in  vine  characteristics  the  varieties  bearing  dark  fruit,  has 
dark  leaves,  and  reddish  tendrils,  nodes,  and  shoots.  In  our  first  two 
years'  work  pollen  from  a  ''light"  male  vine  only  was  used  on  the 
Scuppemong.  The  seeds  were  saved  and  planted.  Every  resulting 
seedling  is  "light"  in  color;  and  most  of  those  having  female  flowers 
will  produce  light  colored  fruit. 

The  "light"  male  vines  are  very  rare ;  we  have  found  only  six  such 
vines  after  careful  searching.  The  dark  male  vines  are  very  abun- 
dant; and  this  explains  why  such  a  large  proportion  of  the  seedlings 
produce  dark  fruit  where  insects  carry  the  pollen. 

This  fact  will  be  of  great  value  to  grape  breeders  in  the  South,  as 
the  seedlings  of  the  Scuppemong  can  be  made  to  produce  either  dark 
or  light  colored  fruit  by  selecting,  in  making  the  crosses,  pollen  from 
either  the  dark  or  light  male  vines. 
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IMPROVED  METHODS  FOR  MAKING  COTTAGE  AND 
NEUFCHATEL  CHEESE. 


Bt  John  Michels. 


PURE  CULTURES  OF  LACTIC  ACID  BACTERIA. 

•In  making  Cottage  and  Neufchatel  cheese,  the  first  and  most  impor- 
tant essential  is  good  flavor.  Next  in  importance  is  imiformity  of 
product.  Both  of  these  essentials  can  be  obtained  with  certainty  only 
by  the  use  of  pure  cultures  of  lactic  acid  bacteria  in  souring  the  milk. 

The  cultures  containing  the  lactic  acid  ferment  are  prepared  commer- 
cially, and  small  samples,  either  in  dry  or  liquid  form,  can  be  obtained 
from  manufacturers  at  about  seventy-five  cents  per  bottle.  The  bottle 
thus  obtained  is  emptied  into  a  quart  of  pasteurized  skimmilk,  that  is, 
skimmilk  which  has  been  kept  at  a  temperature  of  about  170^  F.  for 
thirty  minutes  and  then  quickly  cooled  to  about  70**  F.  As  soon  as  the 
quart  of  skimmilk  has  thickened,  which  usually  requires  about  twenty- 
four  hours,  it  is  ready  for  use. 

In  the  process  of  heating,  all  of  the  active  bacteria  in  the  skimmilk 
are  destroyed,  thus  leaving  a  clean  field  for  the  development  of  the  lactic 
acid  bacteria  added  to  it  from  the  bottle. 

The  method  of  using  the  lactic  acid  bacteria  is  similar  to  the  use  of 
yeast  in  breadmaking.  The  original  germs  obtained  from  the  manu- 
facturer may  be  propagated  for  weeks  by  daily  transferring  a  small 
amount  of  the  thickened  skimmilk  to  newly  pasteurized  skimmilk.  As 
a  rule,  one  pound  of  the  thickened  skimmilk  will  sour  thirty  to  forty 
pounds  of  sweet  pasteurized  skimmilk  in  twenty-four  hours  at  a  tem- 
perature of  70°  F. 

Parenthetically,  it  may  be  stated  that  pure  culture  of  lactic  acid 
bacteria  (starters)  are  also  frequently  used  in  souring  cream  for  butter- 
making.  Indeed,  the  highest  quality  of  butter  is  not  possible  without 
their  use. 

MAKIHG  COTTAGE  CHEESE. 

Hitherto  no  definite  method  has  been  employed  in  the  making  of 
Cottage  cheese,  which,  no  doubt,  is  largely  due  to  the  fact  that  its 
manufacture  has  been  almost  entirely  confined  to  the  home.  The 
method  in  common  use,  consists  essentially  in  placing  curdled  milk, 
either  heated  or  unheated,  in  a  linen  or  cotton  cloth  bag  which  is  hung 
up  in  some  convenient  place  to  allow  the  curd  to  drain. 

Where  cheese  is  to  be  made  on  a  commercial  scale,  this  method  has 
not  been  found  satisfactory.  After  much  experimentation,  we  have 
succeeded  in  developing  a  method  which  has  proven  perfectly  satis- 
factory in  making  cheese  for  city  trade,  and  which  it  is  felt  can  confi- 
dently be  recommended  for  use  by  dairymen  in  general.  The  successive 
steps  in  this  process  are  described  in  the  paragraphs  following. 

Souring  the  Skimmilk, — ^Where  from  ten  to  twenty  pounds  of  cheese  are 
to  be  made  at  one  time,  the  skimmilk  is  most  satisfactorily  soured  in 
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four  to  eight  gallon  shotgun  cans  which  have  a  uniform  diameter  of  from 
eight  to  ten  inches.  Enough  pure  culture  of  lactic  acid  ferment  is  added 
to  sour  the  skimmilk  in  about  three  hours  at  a  temperature  of  100°  F. 
As  a  rule,  one  gallon  of  culture  to  every  four  gallons  of  sweet  skinimilk 
will  accompHsh  the  souring  in  the  given  time. 

The  culture  should  be  vigorously  stirred  and  then  thoroughly  mixed 
with  the  skimmilk.  As  soon  as  this  has  been  done  the  cans  containing 
the  mixture  are  placed  in  a  tank  of  water,  as  shown  in  Fig.  1.        In 


Fig.  1. — ^Strainer  and  Shotgun  Cans  In  Water  Tank. 


heating  the  skimmilk  to  100°  F.  the  water  in  the  tank  should  never 
exceed  110°  F.  The  high  temperature  employed  in  souring  the  skim- 
milk has  several  advantages:  (1)  it  hastens  the  souring  process;  (2) 
it  causes  the  skimmilk  to  curdle  with  less  acid,  thus  making  a  milder 
cheese;  and  (3)  the  curd  may  be  stirred  as  soon  as  curdled  without 
danger  of  diminishing  the  yield. 

Where  large  quantities  of  cheese  are  to  be  made,  the  skimmilk  should 
be  soured  in  a  common  cream  vat  with  an  open  end,  which  is  usually 
used  for  adding  ice  to  the  water  underneath.  In  the  manufacture  of 
Cottage  cheese,  this  open  end  is  necessary  in  order  to  observe  the  tem- 
perature of  the  water  used  in  heatine  the  milk  and  curd. 
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CvUing  the  Curd, — ^After  the  milk  has  thoroughly  thickened,  it  should 
be  broken  up,  with  a  knife  preferably.  Knives  used  for  Cheddar 
cheese  making  are  best.  Where  small  quantities  of  cheese  are  made, 
a  stirring  rod  like  that  described  below  will  break  up  the  curd  satisfac- 
torily. 

Heating  the  Curd, — As  soon  as  the  skimmilk  has  thoroughly  curdled, 
the  curd  should  be  raised  to  a  temperature  of  104°  F.  by  heating  the 
water  surrounding  the  curd  to  about  115°  F.,  and  care  should  be  taken 
never  to  heat  it  above  120°  F.  During  the  heating  the  curd  should  be 
constantly  stirred  with  a  stirrer  consisting  of  a  four-inch  heavy  tin  disc 
attached  to  an  iron  rod.  Where  a  cream  vat  is  used,  the  stirring  is 
done  by  hand.  When  the  curd  has  reached  a  temperature  of  104°F. 
the  water  surrounding  it  should  be  removed  and  the  stirring  continued 
at  intervals  for  forty  minutes  more,  after  which  it  is  ready  to  drain. 

In  case  the  curd  seems  unusually  soft,  as  is  not  infrequently  the  case, 
it  will  be  an  advantage  to  heat  as  high  as  108°  F.  However,  care  must 
be  taken  when  high  temperatures  are  employed  as  they  are  apt  to  result 
in  a  tough  curd. 

Draining  the  Curd. — This  is  best  accompUshed  in  a  tin  strainer  with 
perforated  sides  and  bottom  like  that  shown  in  Figs.  1  and  2.  The 
strainer  should  be  of  ample  size  to  hold  conveniently  all  the  curd,  and 
to  expedite  drainage.  A  piece  of  cheese  cloth  should  be  spread  over 
the  strainer  before  receiving  the  curd.  The  latter  must  be  hand-stirred 
as  soon  as  it  reaches  the  strainer,  but  the  stirring  should  be  done  very 
carefully  at  the  start  to  avoid  loss  by  mashing  the  particles.  Continue 
the  operation  until  the  curd  is  firm  enough  to  prevent  the  particles 
from  sticking  together,  which  usually  requires  about  five  minutes. 
When  proper  firmness  is  reached,  the  curd  is  wrapped  in  the  cloth 
strainer  and  squeezed  with  the  hands  until  most  of  the  whey  has  been 
removed.  Thijs  operation  requires  only  a  few  minutes,  and  care  must 
be  taken  not  to  press  the  curd  too  hard.  After  pressing,  the  curd 
appears  in  a  roll  like  that  shown  in  Fig.  2. 


Fio.  2.— Curd  In  Strainer  after  presBlDg,  and  Curd  Grinder. 

Originally  it  was  found  necessary  to  grind  the  curd  after  pressing. 
This  operation  may  be  eliminated,  however,  by  sqeezing  the  curd  until 
it  can  be  readily  granulated  (without  stickiness)  with  the  hands.  A 
little  too  much  moisture  is  indicated  by  toughness  and  stickiness  of  the 
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curd.  Further  squeezing  will  rectify  the  trouble.  On  the  other  hand 
it  is  important  not  to  get  the  curd  too  dry,  though  it  is  possible  to  over- 
come this  by  more  soaking  with  milk  or  cream  which  will  replace  the 
extra  moisture  lost. 

Salting. — When  the  curd  has  been  squeezed  dry  enough,  and  is  thor- 
oughly granulated  by  rubbing  and  mixing  with  the  hands,  salt  should 
be  added  at  the  rate  of  about  one  ounce  per  6  to  8  pounds  of  cheese. 


Fia.  3.— Cottage  Cheese  Packages  and  method  of  filling  them. 

Carefully  mix  the  salt  and  curd  and  then  proceed  to  soak  the  curd  with 
milk  or  cream. 

Soaking, — Now  soak  the  curd  with  sweet,  preferably  pasteurized  milk, 
until  the  curd  assumes  a  moist  condition.  The  amount  of  milk  required 
for  this  purpose  varies  from  one  and  one-half  to  two  quarts  for  every 
ten  gallons  of  skimmilk  used.  Two-thirds  of  this  should  be  added 
immediately  after  salting,  after  which  the  curd  is  set  aside  for  at  least 
ten  minutes  when  the  soaking  may  be  completed. 

The  amount  of  milk  to  be  added  to  the  curd  varies  somewhat  from 
day  to  day,  depending  upon  the  amount  of  moisture  left  in  it  before 
salting.  The  rule  to  follow  is  to  leave  the  curd  fairly  wet,  but  not  so 
wet  as  to  have  the  milk  drip  from  it.  If  the  cheese  is  to  be  kept  a  num- 
ber of  days,  it  is  best  to  leave  it  rather  dry  by  soaking  less. 

Packages  and  Packing, — Among  a  number  of  styles  of  packages  tried, 
two  have  proven  satisfactory :  namely,  the  Gem  Fibre  butter  package, 
made  of  pasteboard  and  lined  with  parchment  paper;  and  a  water-proof 
paper  package  commonly  used  for  carrying  ice  cream.  Both  of  these 
packages  are  illustrated  in  Fig.  3.  The  round  packages  are  the  Gem 
Fibre,which  are  easier  to  pack  and  better  liked  by  consmners,  though 
the  cost  is  somewhat  more  than  the  water-proof  paper  sacks.  It  was 
found  best  to  line  both  packages  with  parchment  paper  which  has  been 
either  boiled  in  water  or  soaked  in  strong  salt  brine.  Any  surplus 
moisture  should  be  allowed  to  drip  from  the  paper  before  putting  it 
into  the  packages.  The  latter  should  be  washed  in  clear  water  before 
using,  to  insure  freedom  from  dust. 

Where  cheese  is  to  be  kept  a  week  or  longer  before  it  is  consumed, 
tin  capped  glass  tumblers  have  proven  the  most  satisfactory  packages, 
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though  more  expensive  than  the  other  packages  mentioned.  A  par- 
afl^ed  or  parchment  cap  should  be  put  under  the  tin  cover.  Both  tum- 
bler and  parchment  cap  should  be  sterilized  in  hot  water  before  using. 

The  cheese  is  put  into  the  packages  by  means  of  a  large  spoon,  in  the 
manner  shown  in  Fig.  3. 

Cream  Cottage  Cheese, — A  high  quality  of  cheese  is  secured  by  soaking 
the  curd  with  cream  instead  of  milk.  Many  customers  will  gladly  pay 
the  increase  in  the  price  necessitated  by  the  addition  of  cream  instead 
of  milk.    The  cream  cottage  cheese  is  preferably  packed  in  tiunblers. 

Yield  of  Cheese, — The  average  amount  of  skimmilk  required  to  make 
a  pound  of  cheese  soaked  with  milk  is  7.1  pounds.  Soaking  with 
cream  increases  the  yield. 

MABKETING. 

The  writer  has  sold  large  quantities  of  this  cheese  to  grocers  at  ten 
cents  per  pound,  the  latter  retailing  the  same  at  fifteen  cents  per  pound. 
The  grocers  were  supplied  with  attractive  signs  calling  attention  to  the 
fact  that  they  had  the  cheese  for  sale. 

Cottage  cheese  should  be  kept  at  reasonably  low  temperatures  if 
desired  to  keep  for  some  time.  At  refrigerator  temperature  it  may  be 
kept  satisfactorily  for  several  days  when  packed  in  pasteboard  packages. 
If  packed  in  tumblers  as  previously  explained,  it  will  keep  several  weeks 
at  such  temperatures. 

The  most  satisfactory  way  of  disposing  of  the  Cottage  cheese  is  to 
sell  it  direct  to  milk  and  cream  customers  along  the  route  daily  traveled 
by  the  dairyman.  This  saves  the  middleman's  profits  and  insures  the 
delivery  of  the  product  fresh. 

SEBYING  COTTAGE  CHEESE. 

When  tne  cheese  is  made  according  to  the  writer's  method, "  it  may 
be  served  without  further  treatment.  Its  palatability,  however,  may  be 
improved  by  the  addition  of  cream,  especially  when  no  cream  was  used 
in  its  manufacture.  Additional  salt  and  some  pepper  is  also  preferred 
by  some.  Others  prefer  adding  sugar  or  S3n*up.  Caraway  and  sage  are 
sometimes  used  to  flavor  the  cheese. 

COTTAGE  CHEESE  AS  A  FOOD. 

Cottage  cheese  when  made  as  herein  described,  not  only  has  a  high 
food  value,  but  has  also  tonic  or  medicinal  qualities  which  are  espe- 
cially valuable  during  warm  weather.  Its  nutritive  value,  where  no 
cream  is  used  is  about  the  same  as  that  of  beefsteak.  When  soaked 
with  cream  it  has  a  higher  food  value. 

NEUFCHATEL  METHOD. 

Cottage  cheese  may  also  be  made  by  the  same  method  outlined  in  the 
following  pages  for  Neufchatel  cheese.  The  principal  objection  to  this 
method  is  that  the  cheese  is  apt  to  get  too  dry,  especially  when  made 
in  small  quantity.  When  made  in  large  quantity,  the  method  will 
prove  satisfactory. 
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IMPROYED  METHOD  OF  MARKETING  AMERICAN  NEUFCHATEL 

CHEESE. 

During  the  past  year,  the  Dairy  Division  of  the  Station  has  carried 
out  extensive  experiments  in  the  manufacture  of  American  Neufchatel 
cheese.  The  method  hitherto  employed  in  the  manufacture  of  this 
cheese  has  not  been  entirely  satisfactory.  The  process  has  been  too 
long  drawn  out  and  too  little  attention  has  been  given  to  the  control  of 
the  lactic  fermentation  or  souring  process.  In  consequence  of  this  the 
cheese  has  seriously  lacked  in  uniformity,  a  very  essential  quality  in  any 
dairy  product.  Furthermore  the  packages  in  which  the  che^e  has  here- 
tofore been  sold  have  not  been  sufficiently  tight  to  give  the  cheese  a 
high  degree  of  keeping  quaUty.  Very  little  of  this  cheese  can  be  bought 
in  the  market  during  the  summer  owing  to  its  poor  keeping  qualities. 

In  our  experiments  we  have  succeeded  in  overcoming  almost  entirely 
the  objections  above  mentioned  and  the  details  of  the  process  as  worked 
out  by  us  will  be  given  now  in  detail. 

MAKING  NEUFCHATEL  CHEESE. 

Kind  of  Milk. — Whole  milk  reinforced  with  an  amount  of  cream  equal 
to  about  one-quarter  that  in  the  whole  milk  makes  the  best  Neufchatd 
cheese.  However,  whole  milk  without  the  addition  of  cream  will  make 
a  very  satisfactory  cheese.  It  is  of  first  importance  to  use  only  milk 
which  is  clean  and  free  from  taints. 


FiQ.  4. — Method,  and  first  stage,  of  draining  curd. 


Equipment. — When  the  cheese  is  made  on  a  small  scale,  common  cans 
of  the  shotgun  style  will  answer  for  handling  the  milk.  Where  several 
hundred  pounds  of  milk  are  used  a  small  milk  or  cream  vat  may  be  used. 
A  strainer  with  perforated  sides  and  bottom  is  also  needed  to  drain  the 
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Ripening  the  Milk, — As  in  the  manufacture  of  Cottage  cheese,  the 
milk  should  be  treated  with  a  large  amount  of  starter,  or  pure  culture 
of  lactic  acid  bacteria.  On  an  average,  one  pound  of  starter  to  four 
pounds  of  milk  will  give  best  results.  During  warm  weather  when  the 
milk  has  already  ripened  somewhat,  and  when  there  naturally  is  a  more 
rapid  development  of  actic  acid,  one  part  of  starter  to  five  of  milk  will 
be  about  right.  On  the  other  hand,  during  cold  weather  or  when  the 
milk  is  very  sweet,  it  is  best  to  use  at  the  rate  of  one  part  starter  to 
three  parts  of  milk. 

Adding  Starter. — Thoroughly  beat  or  shake  the  starter  and  strain  it 
through  one  thickness  of  cheese  cloth  before  adding  it  to  the  milk. 

Setting  the  Milk, — As  soon  as  the  starter  has  been  added,  heat  the 
milk  to  80°  F.  and  add  at  the  rate  of  2V^  ounces  of  commercial 
rennet  extract  per  1000  pounds  of  milk.  The  rennet  extract  should  be 
diluted  with  water  to  the  extent  of  about  eight  times  its  own  volume  and 
then  thoroughly  mixed  with  the  milk.  The  mixing  should  not  be  con- 
tinued for  more  than  three  minutes.  This  precaution  is  necessary  as 
the  milk  begins  to  thicken  in  about  five  minutes.  Cover  the  milk  and 
allow  it  to  stand  quietly  for  thirty  to  sixty  minutes  according  to  the 
amount  of  starter  used.  The  more  starter  used  the  quicker  the  milk 
will  curdle. 

CvUing  the  Curd, — While  the  milk  will  usually  be  ready  to  cut  in 
from  thirty  to  sixty  minutes,  it  is  best  to  determine  when  this  point  is 
reached  as  for  Cheddar   cheese,  by  breaking  the  curd  with  the  fore- 


Fio.  5.— Curd  after  draining  for  an  hour. 


finger.  If  the  whey  in  the  break  is  clear,  the  curd  is  ready  to  cut;  if 
milky,  the  curdling  has  not  progressed  far  enough.  In  general  the  curd 
should  be  somewhat  firmer  than  for  Cheddar  cheese  before  cutting. 
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Where  much  cheese  is  made,  the  curd  is  cut  with  special  knives  used 
with  Cheddar  cheese.  The  cutting  in  this  case  is  done  as  follows:  First 
cut  the  curd  in  horizontal  layers  with  the  horizontal  knife;  next  cut 
lengthwise,  and  then  crosswise  with  a  perpendicular  knife.  This  will 
make  cubes  about  one-half  inch  on  a  side.  Where  small  quantities  of 
cheese  are  made  any  kind  of  a  knife  may  be  used  to  cut  the  curd.  The 
smaller  the  amount  of  milk  used,  the  coarser  the  curd  should  be  cut.  ^ 


Fio.  6. — Pressure  on  the  curd  furnished  by  cans  of  water. 


Draining  the  Curd. — As  soon  as  the  curd  is  cut  it  is  carefully  poured 
into  a  tin  strainer  lined  with  one  thickness  of  cheese  cloth.  Both  the 
sides  and  bottom  of  the  strainer  should  be  perforated.  It  should  be 
about  ten  inches  deep  and  of  such  width  and  length  as  to  permit  filling 
it  the  full  depth.     Allow  the  curd  to  drain  undisturbed  for  about  one 
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hour  and  then  put  a  cover,  preferably  a  metallic  one,  on  it  and  add  pres- 
sure at  the  rate  of  one  pound  for  every  gallon  of  milk  used.  During  the 
next  hour  gradually  increase  this  pressure  until  five  pounds  are  used  for 
every  gallon  of  milk.  Continue  this  amount  of  pressure  for  eight  hours 
and  then  reduce  to  two  pounds  for  every  gallon  of  milk  and  keep  at 
this  pressure  twelve  hours  longer  when  the  curd  is  ready  to  salt. 

Salting. — Salt  at  the  rate  of  about  one  ounce  of  salt  to  six  pounds 
of  cheese.  The  salt  can  be  evenly  distributed  during  the  mashing 
process. 

Mashing  the  Curd, — With  a  heavy  masher  similar  to  a  potato  masher, 
thoroughly  mash  the  curd  to  a  smooth  consistency,  leaving  no  unbroken 
particles  or  lumps.  The  smoother  the  curd  the  richer  it  will  appear  and 
the  better  it  will  taste. 


Fig.  7.— CoDBistency  of  curd  after  being  pressed. 

Packing. — A  variety  of  packages  may  be  used  in  which  to  pack  the 
cheese.  The  common  method  of  packing  is  to  first  wrap  the  cheese  in 
parchment  paper  and  then  in  tin  foil.  This  method  of  packing  is 
especially  suitable  where  cheese  is  made  on  a  small  scale.  Such  a  pack- 
age is  open  to  the  objection,  however,  that  it  do€«  not  sufficiently 
exclude  the  air  to  prevent  molding. 

The  best  package  is  one  in  which  the  cheese  can  be  kept  as  nearly 
air-tight  as  possible.  We  have  found  a  tin  capped  tumbler  the  most 
satisfactory.  The  only  objection  to  the  tumbler  is  the  expense  when 
purchased  in  small  quantities.  In  large  quantities  8  ounce  tumblers  may 
be   purchased    very    cheaply. 


PACKING  IN  TUMBLEKS. 


A  large  spoon  furnishes  the  best  means  for  packing  cheese  in  tumblers. 
The  tumblers  and  the  parchment  caps  which  are  put  under  the  tin  caps 
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should  be  sterilized  in  boiling  water  before  using.  Pack  the  tumbler 
brim  full,  then  place  a  parchment  paper  cap  on  top  and  then  cover 
with  tin  cap.  The  parchment  cap  should  project  about  one-quarter 
inch  over  the  edge  of  the  tiunbler.  Cheese  packed  in  this  way  ^ill 
keep  10  days  during  warm  weather  without  refrigeration. 

GENERAL  POINTERS. 

In  making  Neufchatel  cheese  as  herein  described  a  good  starter  is 
indispensable.  It  will  pay  well  to  give  the  starter  careful  attention. 
Use  attractive  labels  on  the  tumblers.  They  cost  little,  but  will  help 
sell  the  cheese  at  a  better  price.  While  the  cheese  can  be  kept  some 
time  without  refrigeration,  it  is  best  to  keep  it  in  as  cool  a  place  as  possi- 
ble, such  as  a  cellar. 


Fia.  8. — Curd  ready  to  pack  Id  two  styles  of  packages. 

SELLING  PRICE. 

Cheese  packed  in  8-ounce  tumblers  should  readily  sell  at  10  cents 
per  tumbler  net.  This  price  will  yield  good  returns  for  milk  and  fur- 
nishes the  consumer  a  wholesome  and  digestible  food  at  a  very  rea- 
sonable price.  In  fact,  cheese  at  the  price  m  ?ntioned,  will  be  cheaper 
than  meat  at  prevailing  prices,  especially  when  total  digestible  nutrients 
are  considered. 

YIELD. 

Cheese  made  from  4  per  cent,  milk  will  yield  thirty-four  8  ounce  tum- 
blers of  cheese  per  hundred  pounds  of  milk.  When  such  milk  is  rein- 
forced with  an  additional  pound  of  butter-fat  in  the  form  of  cream,  the 
yield  will  be  thirty-eight  tumblers  of  cheese. 
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FEEDING  AND  MANAGEMENT  OF  POULTRY 
FOR  EGG  PRODUCTION 


BY  J.    S.    JEFFRKY. 


S 


The  production  of  eggs  for  market  is  generally  considered  the 
most  profitable  branch  of  poultry  keeping. 

Under  proper  conditions  there  is  no  reason  why  eggs  should  not 
be  produced  at  a  price  that  will  allow  a  good  margin  of  profit.  This 
should  be  especially  true  of  eggs  produced  on  farms  where  the  fowls 
may  find  a  large  part  of  their  sustenance  at  no  cost  to  the  farmer, 
utilizing  what  would  otherwise  be  waste  products. 

With  a  knowledge  of  what  is  necessary  for  the  best  results  in  egg 
production,  the  farmer  should  be  able  to  supplement  the  natiiral 
resources  of  the  farm  in  such  a  way  that  revenue  from  the  hens  would 
l)e  largely  increased  by  a  small  extra  outlay  for  food. 

The  profitable  production  of  eggs  depends  on  several  different 
conditions,  any  one  of  which  being  wrong  may  seriously  handicap 
<me's  efforts  for  the  production  of  eggs  at  a  profit. 

The  stock  which  is  to  lay  the  eggs  must  be  of  the  right  kind  and 
of  suitable  age.  Comfortable  houses  must  be  provided  to  protect  the 
stook  from  the  wet  and  wind. 

Proper  food  must  be  siipplied  in  some  way  that  is  suited  to  the 
needs  of  the  hens,  and  which  does  not  call  for  too  much  labor  on  the 
part  of  the  poultryman  in  its  preparation  and  feeding. 

All  of  these  are  important  and  necessary  if  the  best  results  are  to 
be  obtained,  but  they  will  not  bring  success  unless  the  houses  are  kept 
clean  and  free  from  mites. 

STOCK 

In  considering  the  question  of  stock,  it  can  be  done  withoiit  taking 
special  account  of  the  different  breeds,  as  good  layers  may  be  found 
in  almost  any  breed. 

It  is  necessary,  however,  that  the  fowls  of  whatever  breed  have 
strong  constitutions.  A  hen  that  lacks  in  vitality  will  never  make 
a  good  layer  or  a  breeder  of  good  laying  stock.  If  strength  and  vigor 
are  lacking  in  the  stock,  failure  is  sure. 

Fowls  can  be  selected  for  strength  and  vitality  very  largely  by 
their  appearance  and  condition.  The  active,  sprightly  bird  is  likely 
to  be  strong.  The  hen  that  is  first  off  the  roost  in  the  morning, 
always  on  the  move,  hunting  for  food,  and  the  last  to  go  to  roost  at 
night,  is  not  apt  to  be  a  weakling.  On  the  other  hand,  the  hen  that 
comes  off  the  roost  when  yo\i  feed  in  the  morning  and  sometimes 
^oes  back  there  after  feeding,  that  does  not  care  to  scratch  or  forage 
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for  food,  is  likoly  to  be  a  \veakHn«c  and  on  that  account  should  be 
discarded  as  a  breeder. 

The  male  should  be  gallant,  always  on  the  move,  looking  after  the 


Fig.  1— a  Kood  vigorous  Barred  Plymouth  Rock  Cockerel. 


Fio.  2 — A  Barred  Plymouth  Hock  hen  of  good  type. 

hens  and  calling  them  when  he  finds  anything  especially  tempting. 
He  should  have  a  loud,  strong  crow  and  should  be  masculine  in 
appearance  and  carriage.'     Figs.  1  and  2  sho'v^itbl3*4^of  good  vigor. 
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If  stock  of  this  kind  is  selected,  the  chances  of  success  are  much 
prreater  than  they  would  be  with  stock  bred  from  the  very  best  layers 
that  lacked  in  stamina  and  vigor. 

A  great  deal  has  been  written  in  regard  to  breeding  up  a  heavy 
laying  strain,  and  according  to  some  it  is  one  of  the  most  simple 
problems  that  the  poultryman  has  to  solve.  According  to  this  class 
of  writers,  all  that  is  necessary  is  to  use  trap  nests  to  get  the  records 
of  the  different  hens,  select  the  heaviest  layers  as  breeders,  and 
success  is  assured.  If  this  is  true,  heavy  laying  should  be  the  rule 
rather  than  the  exception.  In  our  work  it  has  been  the  exception 
to  find  that  our  heaviest  laying  hens  are  the  best  breeders  of  laying 
stock.  Why  this  is  so  has  not  been  definitely  determined,  but  from 
our  experience  this  plan  can  not  be  recommended. 


Fig.  3  -Two  compartmont  trap  nests  used  at  the  Station. 

It  nuist  not  be  thought  from  this  that  it  is  considered  impossible 
to  improve  the  laying  quality  of  the  flock  by  breeding,  but  in  order 
lo  do  so  one  nuist  know  more  about  the  breeders,  than  simply  how 
many  eggs  each  hen  has  laid  in  a  year. 

Accurate  pedigrees  must  be  kept  as  well  as  the  egg  records,  so  that 
the  breeding  ability  of  the  hens  may  be  known  as  well  as  their  egg 
production. 

It  has  been  found  that  hens  of  only  medium  value  from  the 
standard  of  egg  production  have  sometimes  been  the  best  producers 
of  good  average  laying  stock.  Under  a  method  of  selecting  the  best 
layers  only  for  breeders  these  hens  would  have  been  discarded  and 
their  value  as  breeders  never  discovered. 

It  is  not  recommended  that  hens  below  the  average  of  the  flock  in 
egg  i)roduction  be  retained  as  breeders,  but  those  giving  yields  up  fb 
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or  about  the  average  should  be  retained  till  their  daughters  can  U- 
tested. 

The  average  egg  production  of  a  hen's  daughters  is  a  much  beitt-r 
guide  to  her  value  as  a  breeder  than  the  records  of  her  ancestors. 

In  order  to  keep  the  pedigrees  and  get  the  individual  egg  rec">r.]-. 
a  trap  nest  of  some  kind  is  necessary.  Trap  nests  are  generally 
made  larger  than  ordinary  nests,  and  in  many  cases  are  divided  int«' 
two  compartments.  The  ordinary  sized  nest  is  too  small  when  tbt 
hen  is  confined  as  long  as  she  sometimes  is  in  the  trap  nest,  and  if 
there  is  only  one  compartment  the  egg  is  often  broken  by  the  hen 
becoming  restless  after  she  has  laid.     In  the  two-compartment  ne>T 


Fig.  4— Wire-front  house  with  shed  roof. 


the  back  part  is  arranged  for  the  nest  proper  and  the  front  for  the 
hen  to  wait  in  till  the  attendant  releases  her  from  the  nest.  Fig.  3 
shows  the  trap  nest  used  at  the  Station. 

The  problem  of  housing  the  fowls  is  not  as  serious  in  the  South 
as  it  is  in  colder  climates  where  the  fowls  are  confined  to  the  house 
for  long  periods  by  cold  weather  and  snow.  In  this  climate  fowl^ 
spend  more  of  their  time  in  the  yards  or  fields,  even  in  winter,  the 
houses  being  used  only  at  night  and  as  a  protection  against  wet  and 
the  wind. 

Even  in  the  North  the  warm  poultry  house  has  been  largidy 
abandoned,  as  in  most  cases  it  was  found  ^hat.^.a^^d^s^'^J|u^Jt  house. 
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Avhile  warmer,  was  not  as  satisfactory'  as  the  open-front  house  with  its 
sibundance  of  fresh,  dry  air. 

Fowls  are  well  protected  by  their  feathers  from  the  cold,  but  are 
not  comfortable  if  exposed  to  wind  or  wet. 

All  the  fowls  used  in  Station  experiments  last  year  were 'housed 
in  open-front  houses,  and  there  was  not  a  single  frozen  comb  in  any 
of  these. 

A  poultry  house  should  be  dry,  have  an  abimdance  of  fresh  air 
Nvithout  drafts,  have  all  the  sunlight  possible,  and  should  be  so  built 
that  it  can  be  kept  clean  and  free  from  mites. 


Fia.  5— Wire-front  houae  wtth  long  and  short  pitch  roof. 


The  wire-front  house  supplies  these  conditions,  and  can  be  cheaply 
built.  Figs.  4  and  5  show  some  types  of  wire-front  houses  and  the 
scratching  shed  house  in  Fig.  6  has  been  converted  into  a  wire-front 
house  by  removing  the  large  sash  from  the  windows  of  the  roosting 


room. 


Xo  poultry  house  will  be  as  dry  as  it  should  be  unless  it  is  on 
well-drained  ground.  If  there  is  not  good  natural  drainage,  the 
ground  should  be  raised  to  provide  artificial  drainage. 
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The  house  should  face  the  south  or  southeast,  so  as  to  get  as  much 
sunlight  as  possible.  Sunlight  not  only  helps  to  keep  the  h<inse  dry. 
but  is  also  a  good  germ  destroyer.  The  opening  in  the  frr»nt  of 
the  house  should  be  so  placed  that  the  sunlight  will  get  to  the  ba<^k 
of  the  house.  For  this  renson  the  house  shown  in  Fig.  4  is  preferrei 
to  that  in  Fig.  5,  as  the  opening  is  higher  and  the  sunlight  ha^  a 
better  chance  to  reach  the  back  of  the  house. 

Lice  and  mites  are  two  of  the  worst  foes  of  poultry,  and  as  the 
latter  live  in  the  house,  attacking  the  fowls  when  on  the  roosi  or  in 
the  nest,  precautions  should  be  taken  in  building  the  house  to  prt> 
vide  as  few  hiding  places  for  them  as  possible. 

Fig.  ')  shows  a  stop-louse  roost  hanger  which  prevents  mites  trav- 
eling from  the  walls  of  the  house  to  the  roosts.     All  fixtures,  such 


Fig.  6— Scratching  «hecl  houae  used  without  sash  in  roosting  room. 

as  mosts,  dropping' boards,  andoiests,  should  be  movable,  so  that  they 
can  l)c  taken  out  when  the  house  is  whitewashed  or  sprayed. 

The  scratching  shed  house  shown  in  Fig.  6  is  a  very  satisfactory 
house,  and  the  hens  have  always  done  well  in  it,  but  it  is  more 
expensive  to  build  than  a  single  compartment  house  of  the  same  size, 
and  will  nut  accommodate  as  many  hens,  as  the  roosting  ro<im  i^^ 
smaller. 

In  the  wire-front  houses  (Figs.  4  and  5),  we  prefer  the  shed  roof, 
as  it  is  easier  to  build,  the  opening  can  be  placed  higher  in  the  front, 
and  a  roof  sloping  to  the  north  makes  a  cooler  house  in  summer. 
I'he  roofing  facing  the  north  will  not  be  exposed  to  the  sun  as  much 
as  if  facins:  the  south,  and  should  last  longer.     The  scratching  ^hed 
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house  is  set  on  a  concrete  foundation;  the  small  open-front  houses 
were  raised  a  few  inches  above  the  ground  and  filled  in  with  light, 
sandy  soil.  The  ground  around  the  house  was  also  graded  so  as  to 
give  drainage  away  from  the  house. 

The  concrete  foundation  is  best,  but  on  account  of  the  expense  is 
not  often  used  for  small  houses. 

FOOD  REQUIREMENTS  OF  THE  HEN 

The  hen  needs  food  to  sustain  life;  to  build  up,  develop,  and 
repair  waste  tissues;  and  to  supply  heat  and  energy  for  the  proper 
functioning  of  the  body.  What  is  fed  above  these  needs  goes  to  the 
production  of  meat  or  eggs. 

The  composition  of  the  heti's  body  will  vary  with  her  condition,  but 
may  be  said  to  contain  about  55  per  cent  water,  22  per  cent  protein, 
17  per  cent  fat,  and  4  per  cent  ash. 

An  egg  contains  about  66  per  cent  water,  12  per  cent  protein,  10 
per  cent  fat,  and  12  per  cent  ash.  Of  the  ash,  practically  all  but 
about  one  per  cent  is  from  the  shell. 

A  glance  at  these  figures  shows  one  the  importance  of  a  plentiful 
supply  of  pure  fresh  water.  Water  is  not  food,  but  without  water 
food  is  of  no  use  to  the  fowl.  Animals  as  well  as  plants  must  have 
their  food  in  solution  before  they  can  use  it.  When  the  food  is 
digested  it  is  taken  up  by  the  blood,  which  circulates  through  the 
body,  nourishing  and  replenishing  it. 

Xext  to  water,  protein  is  the  food  element  found  in  largest  amount 
both  in  the  hen  and  in  the  egg.  This  element  builds  up  the  body 
and  repairs  the  waste  tissues.  Protein,  although  the  principal 
nutrient  used  for  a  tissue  builder,  can  also  be  used  to  take  the  place 
of  carbohydrates  and  fat  if  these  are  not  sufficiently  supplied  in  the 
ration.  It  is  not  economy,  however,  to  have  this  take  place,  as  the 
protein  is  more  expensive  than  the  carbohydrates  or  fat. 

Carbohydrates,  which  are  principally  starches,  sugars,  organic 
acids  and  pentosans,  are  used  to  produce  heat  and  energy.  They  are 
the  fuel  and,  while  not  found  to  any  extent  in  the  body  of  the  hen 
or  the  egg,  are  very  necessary  in  the  ration  and  in  fact  form  the 
largest  part  of  it. 

Fats  have  to  a  large  extent  the  same  function  as  carbohydrates. 
They  have  about  two  and  one-quarter  times  the  fuel  value  of  carbo- 
hydrates, and  it  is  customary  in  figuring  the  nutritive  ratio  of  a 
ration  to  bring  the  carbohydrates  and  fats  to  a  common  value  by 
multiplying  the  latter  by  two  and  one-quarter  and  adding  the  product 
to  the  carbohydrates.  Fats  also  act  as  a  storehouse  for  surplus  sup- 
plies on  which  the  fowl  can  draw  when  necessary. 

Ash  or  mineral  matter  is  also  needed  for  the  bones  of  the  fowls 
and  for  the  shell  of  the  eggs. 
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Protein  is  found  more  or  less  in  all  grains ;  legumes,  such  as  pea^ 
and  beans,  having  more  than  grain  such  as  com  and  wheat.  Cotton- 
seed meal,  linseed  meal,  the  meat  meals,  and  beef  scrap  contain  more 
protein  than  the  grains  do,  and  some  of  these  products  are  often  used 
to  supply  this  nutrient. 

Carbohydrates  form  a  large  part  of  most  grains  and  grasses.  Com 
is  perhaps  the  best  example  among  the  grains  of  a  carbonaceous  feed- 
containing  as  it  does  70  per  cent  carbohydrates  and  5  per  cent  of  fat. 
Fat  is  also  found  more  or  less  in  most  grains,  com  and  oats  containing 
more  than  wheat  or  barley.  Meat  meal  and  beef  scrap  also  contain 
from  5  per  cent  to  20  per  cent  fat. 

Ash  is  not  found  in  grains  to  any  large  extent,  corn  having  only 
1.5  per  cent  and  oats  3  per  cent.  Wheat  bran  and  middlings  have 
more,  the  former  on  an  average  having  nearly  6  per  cent  and  the 
latter  3.3  per  cent. 

Some  of  the  animal  feeds,  such  as  beef  scrap  and  bone  meal,  supply 
larger  proportions  of  ash,  and  the  results  of  our  feeding  experiments 
indicate  that  a  larger  percentage  of  ash  is  needed  than  is  supplied  by 
grain  and  grain  products  and  that  some  of  the  animal  feeds  which  are 
commonly  used  for  poultry  feeding  are  deficient  in  ash  and  are  im- 
proved by  the  addition  of  bone  meal. 

Crushed  oyster  shells  are  often  recommended  to  supply  lime  for 
laying  hens,  but  the  results  of  our  experiments  indicate  that  bone 
meal  is  a  much  better  source  of  lime  than  oyster  shells. 

WHAT  CONSTITUTES  A  GOOD  RATION 

A  good  ration  must  contain  the  feed  nutrients  necessary  for  the 
support  of  the  body  and  the  production  of  the  desired  product,  whether 
it  be  meat  or  eggs.  It  must  also  supply  these  in  a  form  which  is 
palatable  or  which  is  relished  by  the  hens,  and  must  be  derived  from 
products  which  are  not  too  high  in  price. 

In  addition  to  the  ration  which  will  fill  these  conditions,  it  is  neces- 
sary to  have  a  good  supply  of  green  feed  for  the  hens,  which  serves 
a  double  value.  In  addition  to  its  food  value,  must  be  added  the  ben- 
efit it  gives  in  keeping  the  fowls  in  good  health,  thereby  enabling  them 
to  get  the  best  results  from  the  more  concentrated  part  of  the  ration. 

This  is  especially  true  where  corn  supplies  the  larger  part  of  the 
ration,  as  it  does  in  many  cases,  especially  on  the  farm. 

In  most  places  in  this  State  the  condition  of  high-priced  feeds  and 
a  limited  variety  has  to  be  met. 

Com  can  be  had  everywhere  and  hens  relish  it  as  well  as  any  other 
grain,  but  it  is  not  a  good  exclusive  feed  for  any  animal.  It  is  true 
that  on  many  farms  practically  nothing  else  is  fed  to  the  poultry  and 
they  get  along  and  at  some  seasons  give  a  fairly  good  supply  of  eggs. 
The  eggs  generally  oome  at  the  seaFon  of  the  year  when  the  hens  can 

Digitized  by  VjUUV  It: 


FEEDING  AND  MANAGEMENT  OF  POULTRY  FOR  EGG  PRODUCTION.    51 

find  a  great  deal  of  their  feed  in  the  fields.  It  will  be  found  by  exam- 
ining the  tables  that  follow  that  the  hens  that  depended  largely  on 
corn  did  not  give  many  eggs  and  what  they  did  give  cost  more  to  pro- 
duce than  they  could  be  sold  for. 

Wheat  is  not  generally  as  available  as  corn  and  is  iisually  higher  in 
price.  It  is  well  liked  by  fowls  and  is,  perhaps,  the  best  grain  for 
poultry  feed  if  one  is  confined  to  one  kind.  It  is  specially  good  for 
warm  weather,  as  it  does  not  contain  as  much  of  the  heating  mate- 
rials as  com. 

When  it  can  be  secured  at  a  price  which  permits  of  its  being  used 
for  poultry  feed  we  like  to  feed  wheat  for  one-third  of  the  grain  ration 
during  winter  and  increase  the  proportion  as  the  weather  gets  warmer 
till  we  feed  two-thirds  wheat  and  one-third  corn. 

We  have  confined  our  grain  ration  to  com  and  wheat  because  they 
are  the  only  grains  that  can  be  secured  regularly.  Marketable  wheat 
can  not  always  be  used  because  the  price  is  often  too  high.  When 
this  condition  arises,  substitution  of  wheat  screenings  for  wheat  is 
made. 

Oats  are  not  often  fed,  as  the  price  is  generally  higher  than  can  be 
afforded.  When  they  can  be  had  at  a  cent  and  a  half  a  pound  they 
may  be  used  to  advantage.  They  are  not  as  well  liked  by  the  fowls 
as  either  corn  or  wheat,  and  fowls  that  have  not  been  accustomed  to 
them  do  not  eat  them  freely  if  supplied  in  a  mixture  of  grains. 
Crushed  or  ground  and  fed  in  the  mash  they  are  eaten  quite  readily, 
•  and  it  is  usually  preferred  to  feed  them  in  this  way. 

Com  and  wheat  make  up  by  far  the  largest  part  of  our  feeding 
stuffs,  as  not  only  were  the  fowls  fed  these  two  grains  whole,  but  in 
most  of  the  rations  com  meal  and  wheat  bran  formed  the  base  of  the 
mash. 

The  variation  in  the  ration  was  made  in  the  products  used  to  sup- 
ply protein  and  ash.  For  this  purpose  meat  meal,  cotton  seed  meal, 
and  bone  meal  were  used. 

The  meat  meal  used  was  guaranteed  to  contain  85  per  cent  protein 
and  7  per  cent  fat.  Analysis  showed  that  it  went  slightly  over  these 
figures. 

This  was  a  very  concentrated  meal,  carrying  nearly  as  much  pro- 
tein as  dried  blood. 

According  to  the  common  practice  of  buying  aniiAal  feeds  by  their 
protein  content  it  was  cheaper  than  a  55  per  cent  beef  scrap  which 
cost  one-half  cent  per  pound  less.  The  results  obtained  showed  that 
it  was  lacking  in  ash  and  very  much  cheaper  egg  production  and  better 
development  of  the  fowls  was  obtained  when  bone  meal  was  added  to 
the  ration. 

The  cotton  seed  meal  used  was  the  regular  meal  sold  for  fertilizing 
and  feeding  purposes  and  which  under  the  State  law  must  contain 
7.5  per  cent  ammonia  or  38.58  per  cent  protein.  ,gitizedby>^uu)Jit: 
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The  bone  meal  contained — 

Phosphoric  acid    20.22  per  cent. 

Lime 28.       per  cent. 

Protein 26.47  per  cent. 

It  was  used  primarily  for  the  phosphoric  acid  and  lime  which  it 
contained,  but  the  analysis  showed  that  it  also  carried  considerable 
protein. 

In  all  feeding  experiments,  an  effort  has  been  made  to  keep  the 
rations  as  simple  as  possible  and  to  use  only  products  that  the  fanner 
raises  or  can  obtain  on  the  local  market. 

Rations  which  necessitate  the  buying  of  half  a  dozen  different 
products  may  be  good,  but  there  is  not  much  likelihood  of  the  farmer 
using  them  on  account  of  the  trouble  in  getting  tho  different  ingre- 
dients. 

BBTHOD  OF  FEEDING 

For  the  same  reason,  a  system  of  feeding  that  would  not  require 
too  much  labor  on  the  part  of  the  feeder  has  been  aimed  at. 

It  has  been  demonstrated  that  fowls  do  better  where  they  have  ]>art 
of  their  ration  of  grains,  either  whole  or  cracked,  and  part  of  it  i»f 
ground  products  or  what  is  commonly  called  a  mash.  lentil  witbin 
the  last  few  years,  it  has  been  the  custom  to  feed  this  mash  wet.  Thi> 
necessitated  the  mixing  of  the  mash  fresh  for  each  feeding  and  re- 
quired a  great  deal  of  extra  work  in  mixing  and  feeding.  On  this 
account  the  farmer  has  never  taken  to  the  feeding  of  mash.  With 
the  introduction  of  the  feeding  of  this  part  of  the  ration  dry,  from 
hoppers  or  feed  boxes,  the  objection  to  it  has  been  largely  done  away 
with  and  it  can  now  be  fed  with  less  labor  than  can  grain.  Encnigli 
mash  can  be  mixed  and  put  in  the  feed  boxes  to  last  for  a  week  or  ten 
days  with  no  more  work  than  was  necessary  for  the  feeding  of  the 
day's  ration  under  the  old  method.  Not  only  is  there  this  great  sav- 
ing in  labor,  but  it  has  been  shown  that  hens  return  a  greater  profit 
on  the  dry-mash-hopper  feeding  system  than  on  the  wet  mash,  without 
taking  into  account  the  labor  in  either  case. 

In  some  of  our  feeding  experiments  with  cotton  seed  meal,  it  was 
found  that  the  hens  did  not  eat  the  mash  freely,  and  it  w^as  thought 
that  by  feeding  a  wet  mash  or  fermenting  the  cottonseed  meal  with 
yeast,  as  has  been  done  in  some  other  feeding  work  with  cottonseed 
meal,  this  trouble  might  be  avoided,  but  the  work  necessary  to  pn- 
pare  the  mash  in  this  way  would  have  been  very  much  against  it  in 
everyday  use,  and  it  was  not  tried. 

Fig.  7  shows  the  box  from  which  the  mash  is  fed.  This  is  a  home- 
made box  and  serves  the  j)urpose  very  well.  It  would  be  improved  by 
putting  the  slats  on  the  inside  of  the  front  and  having  a  wire  screen 
to  cover  the  front  at  night  to  keep  out  rats. 

Fig.  8  shows  a  galvanized  iron  feed  box  in  which  the  food  is  cov- 
ered by  a  grating  of  expanded   metal.     The  ^^||§b^U^r  f^^l 
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Fia.  7 — Home  made  box  for  feeding  dry  mash. 


Fio.  8 — (jalvanlxed  Iron  feed  box  for  dr>'  ma.xh. 
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through  this  grating  and  are  thus  prevented  from  pulling  a  part  oi 
the  mash  out  of  the  hopper  in  their  search  for  the  ingredients  the_% 
like  best.  By  hooking  the  lower  end  of  the  grating  up  at  night,  the 
hopper  is  made  rat-proof. 

FOWLS  USED 

With  the  exception  of  pen  21,  which  was  made  up  of  Buff  Orping 
tons,  all  the  fowls  used  in  these  experiments  were  Barred  and  BufT 
Plymouth  Rocks. 

In  all  cases  except  pens  24  and  25,  one  pen  each  of  Barred  and 
Buff  Plymouth  Rocks  were  fed  on  each  ration  in  order  to  elinoinate 
as  far  as  possible  any  difference  due  to  the  variety.  In  lots  24  and 
25,  only  one  pen  was  fed  on  each  ration. 

Pens  Nos,  1,  2,  12,  13,  14,  15,  20,  21,  24,  and  25  were  pullets  when 
the  experiment  started.  Pens  22  and  23  were  yearling  hens.  Each 
pen  contained  ten  females  and  one  male  at  the  beginning  of  the  ex- 
periment. 

RATIONS 

The  grain  fed  all  pens  consisted  of  a  mixture  of  corn  and  wheat  in 
the  proportions  of  two  to  one." 

The  mash  varied  in  the  different  pens  and  was'  as  follows : 

Pens  1  and  2 Corn  meal    4  jiari-. 

Wheat  bran 4  part*. 

Wheat  middlings 4  parts. 

Bone  meal 2  parts. 

With  meat  meal  in  hopper  at  all  timeh. 

Corn  meal    4  part."*. 

Wheat  bran   4  part's. 

Meat  meal  2  part*. 

Corn  meal    4  parts. 

Wheat  bran   4  part;*. 

Meat  meal   2  part>. 

Bone  meal   2  parts. 

Com  meal    4  parts. 

Wheat  bran   4  pans. 

Cottonseed  meal   4  parts. 

Corn  meal    4  parts. 

Wheat  bran  4  parts. 

Cottonseed  meal   4  parts. 

Bone  meal   2  parts. 

Corn  meal    9  parts. 

Cottonseed  meal  6  parti 

Corn  meal   9  parts. 

Meat  meal   3  parts. 

Bone  meal   3  parts. 


Pens 

12  and 

13 ( 

Pens 

14 

and 

15 i 

Pens 

20  and 

22 ( 

Pens  21 

and 

23 i 

Pen  24  . 

Pen 

25. 
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The  rations  were  fed  the  same  to  both  pens  from  December  1, 
1  908,  to  May  31,  1909. 

From  June  1,  1909,  to  August  31,  1909,  one  pen  on  each  ration 
^^^as  continued  on  the  original  ration ;  the  other  pen  was  fed  skimmilk 
in  place  of  the  meat  meal  or  cottonseed  meal  which  they  had  been  fed 
during  the  first  period. 

All  the  fowls  were  yarded.  Pens  12,  13,  14  and  15  had  rye  in  the 
yards.     Pens  1  and  2  had  a  run  on  a  field  of  rye  every  third  day. 

Pens  20,  21,  22,  23,  24  and  25  were  allowed  a  run  on  oats  and 
clover  half  of  every  third  day  during  the  winter.  Their  yards  were 
set  in  Bermuda  grass  and  this  furnished  abundance  of  green  feed 
after  the  first  of  May. 

From  the  nature  of  our  lots  it  was  impossible  to  get  exactly  the 
same  conditions  for  all  of  the  lots  in  regard  to  green  feed,  but  none  of 
the  fowls  suffered  at  any  time  from  lack  of  this. 

TABLE  I.— Showing  Cost  op  Feeding  Each  Pen,  Egos  Laid,  Gain  or  Lose  in  Weight,  Cost  op 
KoG»  AND  Deaths  in  Each  Pen,  First  Period,  December  1, 1908,  to  May  31. 1009. 


Pen 
No. 

Cost 

of 

Feeding. 

Eg»» 
Laid. 

Gain 
or 

Loss 

in 

Weight. 

Not 
Conslder- 

WelAt. 

Cost  op  Eggs. 

Average       Conslder- 

of                  ing 
Two  Pens.      Weight. 

Average 

of 
Two  Pens. 

Deatl 

1 

W.64 

307 

2»4 

26.92 

27.00 

2 

2 

7.09 

422 

l>»i 

20.16 

22.  .i6 

19.68 

22.80 

0 

12 

6.20 

191 

-4»4 

38.76 

40.92 

1 

13 

7.80 

253 

7 

37.00 

37.  rA 

33.60 

37.08 

1 

14 

7.74 

481 

8 

19.20 

17.28 

0 

15 

7.36 

498 

7H 

17.64 

18.48 

15.84 

16.44 

2 

211 

5.42 

225 

2*A 

28.92 

27.72 

J 

22 

4.55 

378 

-7H 

14.40 

19.80 

16.80 

20.88 

0 

21 

5.55 

286 

-llH 

23.fe8 

26.40 

2 

23 

8.67 

402 

-7H 

19.92 

21.24 

22.08 

26.40 

1 

24 

6.21 
8.46 

148 
374 

an 

16^ 

50.28 
27.12 

44.76 
21.94 

J 

25 

0 

COST  OF  EQO  PRODUCTION 


Table  I  shows  the  cost  of  egg  production  on  the  different  rations  for 
the  first  period.  Each  fowl  was  weighed  when  the  experiment  started 
and  at  the  end  of  each  month  till  the  close  of  the  experiment. 

The  cost  of  eggs  per  dozen  is  shown  after  valuing  the  gain  or  loss 
in  weight  and  without  taking  the  weight   into  consideration.      All 
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feeding  stuffs  were  charged  at  actual  cost  in  the  local  market.     The^ 
prices  were  as  follows : 

Corn $30.00  per  ton. 

Wheat  and  wheat  screenings 30.00  per  ton- 
Wheat  bran   30.00  per  ton. 

Wheat  middlings   32.00  per  ton. 

Cottonseed  meal  30.00  per  ton. 

Meat  meal   60.00  per  ton. 

Bone  meal   30.00  per  ton- 
Skim  milk   5.00  per  ton. 

The  total  cost  of  food  per  pen  of  ten  hens  varied  from  $4.or>  to 
$8.46  for  the  six  months.  Pen  No.  22,  which  was  fed  for  $-l:.55  fi»r 
the  six  months,  produced  eggs  at  14.40  cents  per  dozen  without  tak- 
ing account  of  gain  or  loss  in  weight.  When  they  are  charged  wirL 
a  loss  of  weight  of  7  5-8  pounds,  the  eggs  cost  16.80  cents  per  dozen. 

This  was  a  pen  of  Barred  Plymouth  Rock  hens  that  were  in  gOHl 
condition  at  the  beginning  of  the  experiment,  but  lost  about  thrt^- 
quarters  of  a  pound  each  during  the  six  months  and  only  average! 
37.8  eggs  each  during  this  time. 

A  ration  on  which  hens  would  only  produce  37. S  eggs  each  in  six 
months  and  lose  three-quarters  of  a  pound  each  in  weight  must  k* 
lacking  in  some  of  the  qualifications  of  a  good  ration.  In  this  ration 
the  greatest  fault  seemed  to  be  that  it  was  not  palatable  to  the  hen$. 
and  as  a  result  they  did  not  eat  much  of  it,  hence  the  low  cost  pt- r 
hen  for  feeding. 

Pen  25,  which  cost  $8.46  to  feed  for  the  six  months,  laid  just 
about  the  same  number  of  eggs  as  Pen  22,  making  an  average  of  37.4. 
but  the  ten  pullets  gained  16  3-8  pounds  or  1.63  pounds  each.  The 
eggs  cost  27.12  cents  per  dozen,  not  allowing  for  gain  in  weight,  and 
21.94  cents  per  dozen  after  allowing  for  the  gain  made. 

The  eggs  in  this  case  cost  more  per  dozen  than  in  the  former.  Thi> 
ration,  while  palatable,  was  too  high  in  price,  due  to  the  large  ])n»- 
portion  of  meat  meal  used.  , 

Pens  1  and  2  were  fed  com  meal,  wheat  bran,  wheat  middlings. 
and  bone  meal  in  the  mash  and  meat  meal  in  a  separate  hopper.  For 
some  reason  the  amount  of  meat  meal  eaten  varied  greatly  at  different 
times,  and  the  results  were  not  so  good  as  where  a  stated  amount  w;^> 
fed  in  the  mash. 

Pen  1  had  two  deaths  during  the  first  period  and  two  during  the 
second.  This  was  the  highest  of  any  pen  in  the  experiments,  and 
amounted  to  forty  per  cent.  The  first  two  deaths  were  due  to  ever- 
sion  of  the  oviduct.  Whether  there  is  any  connection  between  these 
deaths  and  the  large  amount  of  meat  meal  eaten  at  certain  times^ 
during  the  experiment  it  is  impossible  to  say.  The  other  two  death?^ 
were  due  to  digestive  disorders. 

The  average  cost  of  egg  production  for  the  two  pens  was  22.5*> 
cents  per  dozen,  not  estimating  weight,  andD^i^Q^'CSlll^Per  dozen 
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when  the  weight  was  considered.     The  small  loss  in  Pen  1  due  to  the 
two  deaths  was  nearly  made  up  by  the  gain  in  Pen  2. 

Pens  12  and  13,  which  were  fed  meat  meal  without  any  bone  meal, 
made  very  unsatisfactory  records.  There  was  one  death  in  each  pen 
during  the  first  period  and  none  in  the  second.  The  pullets  in  Pen 
12  weighed  practically  the  same  each  at  the  end  of  the  first  period 
as  at  the  beginning,  and  those  in  Pen  13  gained  just  about  one  pound 
each. 

In  neither  pen  was  the  egg  production  satisfactory,  the  averages 
being  only  19.7  and  26.2  eggs  each  for  the  six  months.  The  cost  of 
egg  production  was  high,  and  each  pen  showed  a  loss,  Pen  12  of  27.6 
cents  per  hen  and  Pen  13,  of  18.9  cents  per  hen. 

Pens  14  and  16  were  fed  the  same  ration  as  Pens  12  and  13, 
except  that  bone  meal  was  added  to  the  mash.  In  Pen  15  there  were 
two  deaths,  one  just  a  few  days  after  the  experiment  started  and  the 
other  in  May.  Each  lot  made  an  average  gain  of  about  .8  pound  in 
the  six  months  and  laid  an  average  of  48.1  and  54.8  eggs  per  hen  for 
each  pen. 

The  average  cost  of  eggs  for  the  two  pens  was  18.48  cents  per 
dozen,  not  considering  weight,  and  16.44  cents  per  dozen  allowing 
for  gain  in  weight. 

Pens  20  and  22  were  fed  on  a  ration  containing  cottonseed  meal, 
and  a  reference  to  Table  I  will  show  that  the  cost  of  feeding  the  hens 
in  these  pens  was  considerably  less  than  for  Pens  14  and  15,  being 
$5.42  and.  $4.55,  against  $7.74  and  $7.36,  respectively.  As  pre- 
viously stated.  Pen  22  was  made  up  of  yearling  hens,  while  the  other 
pens  were  pullets. 

Pens  21  and  23  were  also  fed  a  ration  containing  cottonseed  meal, 
but  had  bone  meal  in  addition  to  the  ration  fed  to  Pens  20  and  22. 
It  will  be  noted  that  we  did  not  get  the  same  results  in  this  case 
from  the  addition  of  the  bone  meal  as  we  did  where  it  was  added  to  a 
meat  meal  ration  in  Pens  14  and  15.  The  only  explanation  of  these 
diflFerent  results  from  the  use  of  bone  meal  that  can  be  offered  at  this 
time  is  the  much  smaller  amount  of  mash  eaten  by  Pens  21  and  23 
as  compared  with  Pens  14  and  15. 

Table  IV  shows  the  percentage  of  mash  to  total  food  eaten  by  all 
pens.  This  shows  that  in  Pens  14  and  15,  45.1  per  cent  of  their 
total  food  was  mash,  while  in  Pens  21  and  23  only  31.5  per  cent  was 
mash.  Pens  24  and  25  were  fed  rations  that  did  not  have  any  bran 
and  had  more  cottonseed  meal  aiid  meat  meal  than  the  other  rations. 
Xeither  of  these  rations  were  satisfactory.  Pen  24  only  laid  148 
eggs  during  six  months,  and  these  cost  50.28  cents  per  dozen,  not 
allowing  for  gain  in  weight,  and  44.76  cents  per  dozen  when  allow- 
ance is  made  for  gain  in  weight.  This  is  the  highest  price  that  eggs 
cost  on  any  of  the  rations  fed  during  the  first  period.  * 
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Pen  25  laid  374  eggs  during  the  six  months  and  gained  16  3-fr 
pounds.  Egg  production  was  only  fair,  but  gain  in  weight  was  the 
largest  of  any  lot  fed. 

TABLE  II.— Showing  Cost  of  Fbedino  Each  Pen,  EggsILaid. 
Gain  or  Loss  in  Wkight,  Cost  of  Eggs,  and  Dbatrs  in  Each  Pen. 
Second  Period.  June  1, 1909,  to  August  31, 1909. 


Pen 
No. 

Cost 

of 

Feeding. 

ISS. 

Gain   or 
or  Loss 
in 
,    Weight. 

Cost  OF 

1  NotCon- 
1    sideling 
Wflght. 

Eggs. 

Consider- 
ing 
Weight. 

Deaths 

1 

12.02 

112 

1    ~im 

21.60 

33.96 

3 

2 

3.80 

323 

12H 

14.04 

9.43 

0 

12 

1.78 

65 

-m 

32.76 

42. 

0 

13 

3. 62 

312 

13 

13.92 

9.30 

0 

14 

2.97 

282 

IH 

12.60 

12. 

0 

15 

3.41 

326 

-IH 

12.48 

13.20 

1 

20 

3.81 

289 

9H 

16. 

11.07 

'        0 

22 

2.36 

119 

AH 

23.88 

19.32 

0 

21 

1.76 

47 

-SH 

45.36 

66. 

1 

23 

2.83 

159 

-\H 

21.24 

22.20 

\     1 

24 

3.16 

323 

6 

11.70 

9.50 

0 

26 

2.62 

279 

— Sk 

11.27 

12.(0 

0 

Table  No.  II  shows  the  results  for  the  second  period,  from  June  1 
to  August  31. 

In  Pens  Nos.  2,  13,  15,  20  and  23,  skim  milk  was  substituted  for 
meat  meal  or  cottonseed  meal,  whichever  had  been  used  to  supply 
protein. 

It  will  be  noted  that  in  all  cases  the  cost  of  feeding  was  greater 
when  skim  milk  was  used  than  it  was  where  the  original  ration  was 
continued,  but  in  all  cases  except  Pens  14  and  15  the  number  of 
eggs  laid  was  greatly  increased  and  the  cost  per  dozen  much  reduced. 

Pens  14  and  15  made  the  best  record  during  the  first  period,  and 
there  was  very  little  difference  between  them  in  either  period.  In 
the  second  period  there  was  a  slight  advantage  with  Pen  14,  owing 
to  one  death  in  Pen  15. 

Comparing  Pens  1  and  2  for  this  period  with  the  first,  we  find  in 
Pen  1  a  decrease  of  about  4  cents  per  dozen  for  the  second  period 
when  weight  is  not  considered,  and  for  Pen  2  a  decrease  of  6  cents 
per  dozen,  but  when  allowance  is  made  for  gain  in  weight,  Pen  2 
produced  eggs  at  9.43  cents  per  dozen  on  the  milk  against  19.68  cents 
on  the  original  ration.     Comparing  Pens  12  and  13,  the  results  are 
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even  more  in  favor  of  the  milk  ration.  In  Pens  20  and  22,  the 
conditions  found  during  the  first  period  are  reversed.  Pen  22  during 
first  period  produced  eggs  at  16.80  cents  per  dozen  and  during  the 
second  period  at  19.32  cents.  From  Pen  20,  during  the  first  period, 
eggs  cost  27.72  cents,  and  during  the  second  11.07  cents  per  dozen. 

TABLE  III.— Showing  Cobt  of  Fbedinq  and  Eoos  Laid  pbr  Hen  Per  Month;  Gain  or  Loea 
IN  Weight  per  Hen  and  Cost  op  Eggs  per  Dozen  on  Rationb  Containing  Meat  Meal.  Cotton- 
seed Meal  and  Skim  Milk. 

'       Cost  i         Cobt  op  Egge. 

I         of         I       Eggs  Gain 

Feeding    I       Laid  or  Loss    i 

Ration.  I    per  Hen    I    per  Hen    i  In  Weight     Not  Con-  '  Consider- 

per  Month,  per  Month,     per  Hen.    ,    slderlng    i        Ing 
I  ,  I     Weight      I     Weight. 


7.7 

.2 

22  20 

21.84 

4.8 

-.34 

22.80 

24.24 

7.5 

.53 

15.24 

12:36 

Heat  meal 14.5 

Cottonseed  meal      8.73 

Skimmllk 9.5 


Pen  23  was  the  only  one  which  did  not  give  good  returns  on  the 
skim-milk  ration.  Eggs  from  this  lot  cost  22.20  cents  per  dozen,  as 
against  22.08  cents  for  the  first  period. 

Pen  24,  which  had  produced  only  148  e^s  during  ihe  six  months 
of  the  first  period  at  a  cost  of  44.76  cents  per  dozeu,  produced  323 
eggs  during  the  three  months  of  the  second  and  at  a  cost  of  9.5  cents 
per  dozen.  This  ration  during  the  second  period  consisted  simply 
of  corn,  com  meal  and  skim  milk. 

Table  III  gives  a  summary  of  the  results  obtained  from  all  pens  fed 
on  rations  containing  meat  meal,  cottonseed  meal  and  skim  milk. 

It  will  be  noted  that  the  average  cost  of  eggs  on  the  meat  meal 
rations  is  much  higher  than  for  Pens  14  and  15,  where  bone  meal 
was  used  with  the  meat  meal.  It  was  found  that  the  meat  meal  used 
did  not  give  good  results  where  no  bone  meal  was  used  in  the  ration. 

In  figuring  the  gain  or  loss  per  hen,  the  food  costs  as  given  on 
page  56  are  used,  and  it  will  be  noted  that  these  prices  are. higher 
than  those  prevailing  in  many  places,  but  are  the  actual  costs  in  this 
market. 

Eggs  were  valued  at  2  cents  each  all  through  the  year,  as  this  is 
about  the  average  price  obtained  by  the  Station  during  the  year. 
There  is  not  the  variation  in  price  here  that  is  found  in  many  places, 
according  to  season.  Strictly  fresh  eggs  bring  almost  as  high  a  price 
in  summer  as  in  winter.  Gain  or  loss  in  weight  was  valued  at  ten 
cents  per  pound. 
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TABLE  IV.— For  Fibst  Period,  Dbckmbkr  1,  1906,  to  May  31, 1909.  Sbowiho  Amoott  or 
DiFPBRBNT  Kinds  op  Febd  Eatbn  for  the  Period,  Pebcentaoc  of  Mash  to  Totai.  Food,  Con 
OF  Feedinq  per  Hek  for  the  Period.  Highest  Aterage  and  Low£bt  Egg  Yield  fob  £acb 
Pen,  Profit  per  Hen  and  Aterage  Weight  at  Beginning  and  End  of  Pbsiod. 


Weight  of  Feed.       i  Per  Ct. 
of 
Pen  ,  '  Mash 

No.  '  Grain.     Mash.  Animal  to  Total 
Feed.      Feed. 


1 
2 
12 
13 
14 
15 
20 
21 
22 
23 
24 
25 


244 
272 
274 
278 
263 
255 
276 
233 
213 
275 
276 
264 


85    53  36.1 

103    47  35.5 

126  31.5 

201  41.9 

222 45.7 

204 44.4 

84  23.3 

112  32.4 

84 28.2 

122  30.7 

120  30.3 

275  51. 


Egg  Yield.                                Aterace  Wt 
Profit     

Feeding  Hen.     Besin's  £si  : 

per  Hen.  i  High't    Average    Low'at  of        P^n  •< 

Period. 


Cost 
of 


76.6 
70.9 
64.2 
80.7 
77.4 
81.9 
59.1 
65.3 
45.5 
69.5 
63.2 
84.6 


64 
54 

34 
38 
85 
85 
33 
58 
56 
98 
47 
57 


35.45 

42.2 

19.7 

26.2 

48.1 

54.8 

24.5 

33.6 

37.8 

41.8 

15.5 

37.4 


8 
29 

12 
23 
40 
5 
1 
8 
0 
0 
15 


—5.9 

8.5 

—27.6 

—18.9 

29.3 

40. 

—5.5 

—10. 

25.6 

9.7 

—24. 

9.7 


4.42 
4.» 
4.  OS 
3.6 
4.85 
3.77 
3.37 
4.16 
4.8S 
5.5S 
3.4 
3.7?> 


5.^ 
4  >• 

4  •: 

4  tf 

4  ^ 

9.> 

4:-' 
4  ..•> 
A\: 

3  I- 

4  54 
5.4. 


Table  V.— For  Second  Period,  June  1, 1909,  to  .\ugu8T  31, 1909,  Showing  AMorxx  or  Dif- 
ferent Kinds  of  Feed  Eaten,  Percentage  of  MabIi  to  Total  Food,  Cost  or  Feeding  pei 
Hen,  Highest  Average  and  Lowest  Egg  Yields,  Profit  per  Hen  and  .Aterage  Weight  tr 
Beginning  and  End  of  Period. 


Weight  OF  Feed.  PerCt. 

of  Cost 

Pea  Mash  of 

No.     Grain.  '  Mash.    Animal  to  Total  Feeding 

Feed.  Feed,  per  Hen. 

Meat 
Moal 

1  '        73            41            9  40.6  31.9 

S'mM 

2  87H         80»2     432  47.5  36. 

12  66            47     41.5  20.9 

13  9VA       103        432  52.  40.2 

14  95            89     48.3  29.7 

15  66H         87         432  56.6  42.2 

20  mi        83         432  47.8  45.1 

21  66}2        40H 37.8  22.9 

22  80            49     38.  23.6 

23  83;  :i         81         432  49.2  40.4 

24  64H         73         432  53.1  35.1 

25  55    ,      100     64.5  26,2 


Egg  Yifld. 


High't    .Average    Low'»t 


.\vebal,i  Hr 
Profit 

Hen.     Bepir'iE  Frw   • 

of         P»rn...i 
Peiirid. 


17.7 


4.9 


5.  IS        4.VS 


48 

32.3 

12 

31.2 

4.56 

5.s: 

23 

7.6 

0 

—.5  * 

4.(B 

3  Nf 

40 

34.6 

10 

32. 

4.66 

ft.  2: 

36 

28.2 

4 

29. 

4.96 

3.14 

53 

46.1 

28 

53.8 

5.26 

5  75 

46 

36.1 

24 

30. 1 

4.36 

5.45 

22 

6.1 

0 

—10. 18 

4.28 

3.M 

21 

11.9 

0 

1.2 

4.12 

4  5e 

48 

24.8 

0 

10.1 

5.39 

6.52 

52 

38.6 

15 

45.4 

4  54 

5.  CI 

44 

27.9 

16 

31.9 

5.42 

5.1'» 
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Tables  IV  and  V  give  the  amount  of  food  of  each  kind  eaten  by 
each  pen  for  the  two  periods,  the  percentage  of  mash  to  total  food 
eaten,  cost  per  hen  of  feeding  during  each  period,  the  highest,  lowest 
and  average  egg  yield,  profit  per  hen  and  average  weight  of  fowls 
at  beginning  and  end  of  each  period. 

This  latter  point  will  not  agree  with  gain  or  loss  of  weight  given 
in  Tables  I  and  II,  as  in  this  case  the  average  of  the  fowls  actually  in 
pens  at  the  end  of  period  is  given,  while  in  the  former  the  total  weight 
of  fowls  is  taken. 

For  example,  take  Pen  1.  Table  I  shows  a  loss  in  this  pen  for  the 
first  period  of  2  3-4  pounds,  while  Table  IV  shows  a  gain  in  the  aver- 
age weight  of  .762  pounds  each  for  the  six  months.  The  loss. in 
weight  in  the  first  case  being  caused  by  the  two  deaths  which  occurred. 
A  comparison  of  the  value  of  the  different  rations  can  be  made  by  all 
these  tables,  but  perhaps  the  best  is  that  shown  by  Tables  IV  and  V 
between  Pens  15  and  20. 

These  were  two  pens  of  Barred  Plymouth  Rock  pullets  of  the  same 
breeding  and  as  nearly  alike  in  age  and  development  as  it  was  possi- 
ble to  get  them.  The  ten  pullets  in  Pen  15  weighed  3l4  1-4  pounds, 
and  those  in  Pen  20,  33  3-4  pounds. 

During  the  first  period,  Pen  15  ate  255  pounds  grain  and  204 
pounds  mash,  at  an  average  cost  of  81.9  cents  per  pullet.  Pen  20 
ate  276  pounds  of  grain  and  84  pounds  of  mash  at  an  average  cost 
of  59.1  cents  per  pullet.  Pen  15  laid  an  average  of  54.8  eggs  each 
for  the  period,  gained  1.495  pounds  each  and  made  a  profit  of  40 
cents  each.  Pen  20  laid  24.5  eggs  each,  gained  .985  pounds,  and 
lost  5.5  cents  each. 

F(^r  the  second  period  the  rations  were  the  same,  except  that  Pen  15 
had  bone  meal  and  20  had  none.  Pen  15  ate  66i/>  pounds  grain,  87 
pounds  mash  and  432  pounds  milk,  at  a  cost  of  42.25  cents  for  each 
pullet. 

Pen  20  ate  90^/^  pounds  grain,  83  pounds  mash  and  432  pounds 
milk  at  a  cost  of  45.1  cents  each.  Pen  15  averaged  46.1  eggs  each, 
gained  .485  pounds  each  and  made  a  profit  of  53.79  cents  each  for 
the  three  months. 

Pen  20  averaged  36.1  eggs,  gained  1.29  pounds  and  made  a  profit 
of  30.1  cents  each. 

It  will  be  noted  that  these  pullets  weighed  practically  the  same 
at  the  beginning  of  the  first  and  end  of  the  second  period,  but  at  the 
end  of  the  first  period  those  in  Pen  15  weighed  .90  pounds  each  more 
than  those  in  Pen  20.  These  latter  were  not  in  as  good  condition  at 
the  beginning  of  the  second  period  as  those  in  Pen  15,  and  more  of 
their  food  went  to  building  them  up.  They  gained  .805  pounds  each 
more  than  the  others,  but  laid  10  eggs  each  less. 

The  results  obtained  from  Pens  24  and  25  for  the  two  periods 
should  also  be  noted.  ^,g,^^,  .^  ^uu^it: 


62  N.    C.    AGKICULTUBAI.  EXPERIMENT   STATION. 

For  the  first  period  (six  months)  Pen  24  laid  148  e^s  that  cost 
44.76  cents  per  dozen,  and  made  a  loss  of  24  cents  each  for  the  period- 

For  the  second  period  (three  months)  this  pen  laid  323  eggs,  which 
cost  9.5  cents  per  dozen,  and  made  a  profit  of  45.4  cents  each.  The 
only  change  in  the  ration  being  the  substituting  of  skim  milk  for 
cottonseed  meal. 

Pen  25,  in  which  the  original  ration  was  continued  through  both 
periods,  laid  during  the  first  period  374  eggs  which  cost  21.94  cents 
per  dozen  and  made  a  profit  of  9.7  cents  each  in  six  months.  In  the 
second  period  they  laid  279  eggs,  which  cost  12.60  cents  per  dozen 
and  made  a  profit  of  31.9  cents  each. 

Pens  20  and  22  had  the  same  ration  for  the  first  period,  but  for 
the  second  cottonseed  meal  was  replaced  by  skim  milk  in  the  ratioD 
for  Pen  20.     Pen  22  was  continued  on  the  original  ration. 

For  the  first  period  Pen  20  laid  225  eggs  and  Pen  22,  378.  In 
Pen  20  eggs  cost  27.72  cents  per  dozen  and  in  Pen  22  they  cost  16.80 
cents  per  dozen. 

Ill  Pen  20  the  hens  lost  5.5  cents  each,  while  in  Pen  22  they  gained 
25.6  cents  each  during  the  same  time. 

For  the  second  period,  Pen  20  laid  361  eggs  at  a  cost  of  11.07  cents 
per  dozen,  while  Pen  22  laid  119  at  a  cost  of  19.32  cents  per  dozen. 
Hens  in  Pen  20  gained  30.1  cents  each  and  those  in  Pen  22  gained 
1.2  cents  each. 

CLEANLINESS 

It  is  quite  possible  to  have  the  best  stock,  kept  in  well-built  houses, 
well  fed,  and  still  not  get  any  pro^t  or  pleasure  from  them.  In  too 
many  cases  where  a  good  start  has  been  made  the  house  is  neglected 
and  allowed  to  become  filthy  and  infested  with  mites.  It  may  be 
said  that  filth  and  mites  generally  go  together,  for  while  a  house  that 
is  kept  fairly  clean  may  be  infested  with  mites,  it  is  very  seldom 
that  a  dirty  house  will  be  found  to  be  free  from  these  pests. 

Lico  and  mites  cause  more  losses  among  poultry  than  all  other 
things  combined.  This  is  especially  true  of  Southern  poultry,  as  a 
hot  climate  is  especially  favorable  to  the  rapid  increase  of  these 
parasites. 

In  the  remarks  about  houses  some  suggestions  were  made  as  to 
how  the  house  should  be  arranged  inside  to  enable  the  poultryman 
to  keep  down  the  mites  without  an  undue  expenditure  of  time  and 
energy.  Mites  live  in  the  house  and  must  be  killed  there.  Dusting 
the  hens  will  never  get  rid  of  them. 

The  best  means  of  getting  rid  of  mites  in  the  houses  is  to  spray 
thoroughly  with  kerosene  emulsion.  This  should  be  done  twice  with 
an  interval  of  from  five  to  seven  days  between  the  sprayings. 

The  emulsion  is  made  as  follows:  Cut  up  one  pound  of  soap  and 
dissolve  it  in  hot  water ;  while  the  water  is  hot,  stir  in  two  gallons 

Digitized  by  VjUU^   ' " 


FEEDING  AND  MANAGEMENT  OF  POULTRY   FOB  EGG  PRODUCTION.    63 

of  kerosene  and  continue  stirring  for  fifteen  to  twenty  minutes.  It 
is  important  to  have  the  kerosene,  soap  and  water  well  mixed,  especi- 
ally if  it  is  not  to  be  used  at  once.  To  this  mixture  add  seventeen 
gallons  of  water.  This  makes  a  ten  per  cent  emulsion.  Some  recom- 
mend fifteen  per  cent,  but  we  have  found  ten  per  cent  efficient  in 
killing  the  mites. 

Kerosene  used  on  the  roosts  once  a  week  in  hot  weather  will  help 
to  keep  down  both  mites  and  lice.  If  put  on  a  short  time  before  the 
hens  go  to  roost,  some  of  it  will  get  on  the  feathers  and  will  kill  and 
drive  away  lice.  Care  must  be  taken  not  to  get  too  much  on  the 
fowls,  or  it  will  blister  them  and  this  will  stop  the  hens  from  laying 
just  as  much  as  the  lice  will.  Good,  vigorous  hens  kept  in  a  clean 
house  and  given  a  good  place  to  dust  and  wallow  in  should  not  need 
any  special  attention  to  keep  them  free  from  lice.  The  dusting  with 
insect  powder  of  a  large  number  of  hens  is  a  tedious  and  disagreeable 
job,  and  with  proper  conditions  should  not  be  needed.  Hens  that 
are  not  vigorous  and  those  that  are  sick  will  often  be  found  to  be 
lousy,  and  many  think  that  the  lice  make  them  sick.  Lice  are  the 
result  rather  than  the  cause  of  sickness.  When  the  hen  becomes  sick 
she  is  not  able  to  defend  herself  and  becomes  an  easy  prey  to  lice. 
In  a  case  of  this  kind,  and  when  hens  are  set,  they  need  dusting  with 
a  good  insect  powder,  but  there  is  something  wrong  with  the  stock 
and  the  management  if  frequent  dustings  are  necessary. 

When  it  is  necessary  to  use  an  insect  powder,  care  should  be  taken 
to  get  one  that  will  kill  the  lice  without  injuring  the  hens.  Some 
of  the  insect  powders  put  up  especially  for  poultry  use  are  so  strong 
that  they  will  injure  the  hens.  A  few  years  ago,  at  the  Experiment 
Station,  a  setting  hen  was  killed  by  the  liberal  use  of  a  powder  that 
contained  considerable  naptholin  flakes,  and  just  this  spring  hens 
were  killed  near  here  by  the  use  of  insect  powder  of  the  same  make, 
and  some  that  did  not  die  were  so  injured  that  they  stopped  laying 
for  two  to  three  weeks.  The  parties  dusted  their  hens  to  kill  the  lice 
in  the  hopes  of  getting  a  better  egg  yield,  but  the  results  were  that 
the  egg  yield  instead  of  increasing  fell  off  about  fifty  per  cent  for 
ten  days  after  the  use  of  the  powder. 

Pyrethrum  or  Persian  insect  powders  may  cost  more,  but  they  are 
better  and  are  not  so  dangerous  to  use  as  are  the  powders  which 
depend  largely  on  naptholin  to  kill  the  lice. 

CONCLUSIONS 

The  following  conclusions  may  be  drawn  from  the  feeding  experi- 
ments conducted  during  the  past  season : 

•  Cottonseed  meal  is  not  relished  by  hens  as  well  as  the  animal 
sources  of  protein  are.     On  that  account  is  not  as  well  adapted  to 

\ 
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poultry  feeding,  as  the  fowls  ate  very  sparingly  of  the  mash  contain- 
ing it. 

Pullets  were  slower  in  developing  and  in  coming  to  laying  mati\rity 
on  a  ration  containing  cottonseed  meal  than  on  one  containing  meat 
meal. 

Hens  did  better  than  pullets  on  rations  containing  cottonseed  meal, 
as  shown  by  Pens  20  and  21  in  comparison  with  Pens  22  and  23. 
the  latter  two  being  hens.  As  far  as  can  be  judged  from  the  work 
done,  the  main  objection  to  cottonseed  meal  is  its  lack  of  palatability. 

High  protein  meat  meal,  although  readily  eaten  by  the  fowls,  did 
not  give  satisfactory  results  either  in  egg  production  or  development 
of  the  fowls. 

Lime  furnished  by  oyster  shells  did  not  supply  the  deficiency  of 
ash  in  some  of  the  rations,  as  all  pens  had  oyster  shells  available  at 
all  times. 

The  best  results  in  egg  production  during  the  first  period  were 
obtained  from  the  two  pens  fed  a  mash  containing  meat  meal  and 
bone  meal. 

During  the  second  period  the  best  results  were  obtained  from  the 
pens  fed  skim  milk. 

Rations  which  gave  the  lowest  cost  per  hen  for  feeding  did  not 
give  the  greatest  profit  per  hen  during  either  feeding  period. 

During  the  first  period,  Pen  22,  which  was  fed  at  a  cost  of  45.5 
cents  per  hen  for  six  months,  came  third  in  profit  per  hen.  Pens  14 
and  15,  which  cost  77 A  cents  and  81.9  cents  per  hen,  respectively, 
gave  a  greater  profit  per  hen  for  the  period. 

During  the  second  period  the  three  pens  that  were  lowest  in  feed 
cost  were  Nos.  12,  21  and  22.  The  first  two  were  fed  at  a  loss  and 
the  last  at  a  profit  of  only  1.2  cents  per  pen. 

Pen  15,  which  cost  more  than  twice  as  much  per  hen  to  feed,  gave 
a  profit  of  53.79  cents  per  hen  for  the  three  months. 

Hens  fed  skim  milk  during  the  second  period  not  only  laid  more 
eggs  at  less  cost  per  dozen,  but  .gained  more  in  weight  and  came  to 
moulting  time  in  better  condition  than  those  on  any  other  ration. 

Bone  meal  did  not  seem  to  be  as  necessary  when  skim  milk  was 
fed,  as  Pens  13  and  24  gave  good  returns  during  the  second  period. 
The  mash  for  the  former  was  corn  meal  and  wheat  bran  and  for  the 
latter  corn  meal  only. 

The  pens  fed  skim  milk  during  the  second  period  cost  more  per  hen 
for  feed,  but  gave  better  returns  for  feed  consumed  than  tho?e  on 
other  rations. 
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Bt  F.  L.  Stevens. 

Sature  and  Cause — Smut,  Bunt,  Black  Heads,  these  are  a  few  of 
tb.e  names  under  which  one  of  the  most  conmion  and  widespread  dis- 
eases of  cereals  is  known  in  this  State. 

The  disease  shows  itself  to  the  farmer  as  a  black,  dusty,  or  hard 
mass,  usually  occupying  the  place  where  the  grain  should  be.  The 
mass  of  dust  is  really  composed  of  the  fruiting  bodies,  the  reproduc- 
tive parts  of  the  fungus,  which  are  the  real  cause  of  the  diseased 
«-ondition.  This  fungus  is  a  vegetable  parasite.  It  gains  entrance  to 
the  plants  when  they  are  in  a  susceptible  condition  of  development, 
this  varying  with  different  kinds  of  plants,  grows  within  the  plant 
as  an  active  parasite,  drawing  its  nourishment  during  this  time  from 
its  involuntary  host.  When  the  host  plant  has  attained  the  proper 
age,  and  correspondingly,  too,  the  fungus  has  reached  its  proper  stage 
of  maturity,  the  disease- becomes  apparent  to  the  eye  as  the  only  too 
familiar  smut.  Each  individual  grain  of  the  dusty  mass  of  smut  if 
enlarged  sufficiently  by  magnifying  glasses  reveals  itself  as  a  minute 
ball  of  varying  size,  shape,  and  marking,  according  to  the  particular 
kind  under  view. 

Smut  spores  under  suitable  conditions  of  moisture,  food  and  heat 
will  sprout  and  produce  smaller  spores  (sporidia)  which,  if  they  fall 
upon  the  proper  host  plant  in  the  proper  period  of  its  development, 
will  penetrate  into  it  and  grow.  The  host  plant  may  or  may  not  out- 
grow its  enemy.  In  any  event  its  presence  is  not  apparent  to  the 
naked  eye  until  the  period  of  maturity  arrives  again  and  another 
(*rop  of  black  spores  is  produced. 

Kinds  of  Smuts — In  all  there  are  many  kinds  of  smuts.  Some- 
thing more  than  two  hundred  and  sixty-eight  species  are  now  re- 
corded. About  two  hundred  and  five  of  these  are  found  in  the  United 
States  growing  upon  some  four  hundred  and  forty-two  different  kinds 
of  plants\ 

Most  smuts  are  upon  unimportant,  uncultivated  plants.  Some  of 
them,  such  as  the  corn  smut,  onion  smut,  and  the  smuts  of  wheat, 
oats,  rye,  barley,  attack  plants  of  high  economic  value  and  cause  great 
damage.  The  conmion  com  smut  develops  upon  almost  any  part  of 
the  com  plant,  but  is  usually  most  conspicuous  upon  the  ear  and 
tassel.  Onion  smut  is  in  the  leaves,  often  in  the  bulb.  Rye  smut  in 
.  the  stem ;  that  of  oats,  wheat  and  barley  in  the  ovary,  the  grain.  An- 
other smut  of  com  growing  upon  the  tassel  is  less  widely  known. 

On  wheat  three  kinds  of  smut  are  to  be  recognized;  one  which 

'  1 G.  p.  CUnton.  Proc.  Boston  Soc.  Nat.  Hist..  Vol.  31.  No.  ».  p.  334.  1904.        9'^'^®^  ^^  ^^UU^l^ 
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shakes  out  freely  from  the  head,  leaving  the  empty  chaff  behind . 
other  two  which  remain  in  the  chaff  as  a  black,  somewhat  oilv  r . 
where  the  grain  should  be.    The  first  mode  of  behavior  has  givf^i;  -  • 


FiQ.  1— Oat  Plants,  smutted  and  healthy.     Not©  the  short  sterna  of  the  smutted  plwt 


to  the  term  loose  sinut.    The  disagreeable  odor  pertaining  to  tbt  '" 
other  kinds  of  wheat  smut  gives  to  them  the  popular  name  of  ^'^ ' 
inrj  smut.     Thev  are  also  often  called  bunt. 
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On  oats  there  are  two  kinds  of  loose  smut,  but  they  are  so  closely 
alike  that  only  the  expert  can  distinguish  between  them,  and  he  only 
by  the  use  of  a  very  powerful  microscope. 

On  rye  one  smut  is  known,  infecting  chiefly  the  leaf  sheaths.  On 
oultivated  barley  are  two  species  of  loose  smut. 

PERIOD  OF  SUSCEPTIBILITY  TO  INFECTION. 

If  sporidia  fall  upon  proper  parts  of  the  host  plant,  and  at  proper 
age  of  development  of  the  host  plant,  infection  will  follow.  If  no 
sporidia  are  present,  or  if  they  fall  upon  places  that  are  of  improper 
age  to  be  susceptible,  or  that  for  other  reasons  are  not  susceptible, 
no  infection  can  occur. 

It  is  evident  that  to  know  precisely  at  what  parts  and  at  what 
periods  the  various  crop  plants  are  open  to  infection  is  of  utmost  im- 
portance in  looking  to  the  prevention  of  the  disease. 

It  was  earfy  proved  that  oats  are  susceptible  to  infection  only  in 
very  young  periods  of  their  development,  Kuhn*  and  Wolffs  held 
opposing  views  as  to  whether  it  was  the  young  stem  or  the  first  leaf 
sheath  that  was  susceptible.  The  very  exact  work  of  Brefeld*  settled 
this  point  beyond  all  controversy.  Brefeld  also  proved  that  com  is 
susceptible  to  infections  on  all  young  tender  growing  parts  and  re- 
cently Maddox  in  Tasmania,  Wakagwa  in  Japan,  Brefeld*  in  Ger- 
many, have  shown  that  in  the  case  of  the  loose  smut  of  wheat  and  the 
barley  smut  infection  occurs  while  the  plant  is  in  bloom,  this  infec- 
tion affecting  the  seeds  and  resulting  in  smutted  plants  in  the  crop 
raised  from  such  infected  seeds. 

It  is  upon  these  facts  that  our  present  modes  of  prevention  are 
based.  The  treatment  for  oat  smut  is  such  as  to  kill  the  spores  ad- 
hering to  the  grain  and  thus  prevent  infection  during  the  period  of 
susceptibility,  L  e,,  the  very  young  seedling  condition.  The  same 
treatment  is  effective  for  the  stinking  smut  of  wheat.  The  loose  smut 
of  wheat  gaining  entrance  to  the  embryo  in  the  seed  plant  before  the 
grain  is  harvested  can  not  be  prevented  by  such  means  but  can  be 
prevented  by  the  use  of  the  means  given  below. 

Corn  being  susceptible  at  all  ages  of  its  growth  can  not  be  pro- 
tected by  seed  treatment,  and  the  only  recourse  is  to  cut  out  and 
destroy  (burn  or  bury)  all  the  smut  possible  each  year  and  thereby 
diminish  the  number  of  smut  spores  floating  in  the  air.  The  heat  of 
the  silo  is  sufficient  to  kill  corn  smut  spores,  and  the  silo  will  un- 
doubtedly be  an  important  factor  in  lessening  the  amount  of  smut  in 
the  country. 

>  J.  Kuhn,  Die  Krankhelten  der  Kulturgewachae.    Berlin.  1859. 

•  Wolff,  der  Brand  dea  Getreldee.  Halle.  Germany.  1874. 

'Oacar  Brefeld,  Untersuchungen  aus  dem  Gesammtgebiete  der  Mykologle.      Heft  11,  1805. 

*  Oscar  Brefeld  and  R.  Flack,  Untersuchungen  auB  dem  Gesammtgebiete  der  Mykologie  Heft  13, 
1906;  die  BlutenlnfkUon  bei  den  Brandpllsen  and  die  naturlicbe  Verbreitung  der  Brandkrankhelten. 
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AMOUNT  OF  DAMAGE. 

The  damage  caused  by  smut  is  usually  underrated.  In  18S4 
Arthur^  in  New  York  by  actual  count  found  the  oat  smrut  to  consti- 
tute from  8,5  to  10  per  cent  of  the  ordinary  crop.  In  1886,  Plumb- 
by  actual  count  of  nearly  11,000  heads  determined  the  amount  of 
smut  to  be  8.4  per  cent;  in  some  fields  he  found  as  high  as  20,  2S. 
and  even  30  per  cent.  Kellerman  and  Swingle*,  counting  smutted 
heads  in  Kansas,  found  different  fields  to  have  8,  15.3,  18.3  per  cent 
of  smut,  while  single  portions  of  a  field  had  as  high  as  89  per  cent. 

AMOUNT  OF  DAMAGE  FROM  OAT  SMUT  IN  NOBTH  CABOLINA. 

This  disease  occurs  in  all  parts  of  North  Carolina  where  oats  are 
grown.  In  eighteen  counties  in  the  summer  of  1908  examinatioD 
was  made  for  smut,  some  65,000  heads  of  oats  being  counted.  In 
no  field  was  oat  smut  absent,  and  the  amount  by  actual  count  in 
several  instances  was  as  high  as  18,  19  and  even  24  per  cent. 

In  one  county,  with  the  aid  of  the  local  threshers,  a  conservative 
estimate  was  made  of  the  amount  of  oats  raised  and  of  the  amount  of 
smut  prevailing.  From  the  county  clerk  the  amount  of  taxes  col- 
lected was  ascertained.  It  was  apparent  that  the  loss  from  oat  smut 
(a  natural  tax  levied  upon  those  ignorant  of  the  method  of  preventing 
smut)  slightly  more  than  equalled  10  per  cent  of  the  taxes  levied  bj 
man.  How  hard  does  man  strive  to  lower  the  tax  levy !  How  much 
does  h6  object  to  its  increase !  Yet  many  a  man  without  resistance 
allows  this  equally  burdensome  and  totally  unproductive  smut  tax  to 
be  collected  yearly  without  putting  forth  the  trifling  eflFort  that  is 
needed  to  nullify  it. 

PREVENTIVE  MEASUBSS. 

Owing  to  their  great  damage  and  conspicuousness  smuts  have  at- 
tracted attention  from  very  early  times  and  many  references  to  them 
are  found  in  ancient  writings.  Probably  not  until  1791,  however, 
was  their  true  nature  as  vegetable  parasites  recognized.  Many,  how- 
ever, were  the  means  that  were  suggested  for  the  prevention  of  these 
pests ;  placing  laurel  branches  in  the  field,  change  of  seed,  avoidance 
of  manures,  thorough  screening,  soaking  in  brine,  etc. 

Bluesione  Treatment — The  only  one  of  the  early  treatments  that 
has  proved  its  value  and  remained  in  common  use  is  that  of  soaking 
the  seed  wheat  in  copper  sulphate  (bluestone).  Tessier,  in  1789, 
after  he,  in  1786,  and  Young  in  1787,  had  tested  numerous  chem- 
icals, seems  to  have  been  the  first  to  try  this  treatment  for  smut.  His 
test  was  without  results  since  neither  treated  nor  untreated  wheat  was 
smutted  that  year.    It  remained  for  Prevost,  of  France,  in  1807,  to 

>  J.  C.  Arthur,  Third  Report  N.  Y.  SUte  SUtion,  1884.  p.  382. 

«C.  S.  Plumb.  Fifth  Report  N.  Y.  State  StaUon.  188«,  pp,  lUttteq.  /^  t 

•W.  A.  Kellerman  and  W.  T.  Swlnsle.  Second  Report  Kan.  Ezp.  Station.  iSWr^aS^Q  IC 
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first  publish  an  account  of  the  successful  use  of  the  bluestone  for 
wheat  smut.  He  recommended,  a  solution  of  about  six  per  cent 
strength,  and  the  remedy  was,  and  is  still,  widely  used.  Various 
strengths  have  been  employed,  one-half  per  cent  being  the  most 
highly  recommended. 

In  1873,  Dreisch  improved  the  bluestone  treatment  by  using  lime 
water  to  follow  the  bluestone,  thus,  to  a  large  extent,  diminishing 
the  amount  of  seed  killed  by  the  treatment. 

The  best  form  of  the  bluestone  treatment  (for  wheat)  is  to  soak 
the  seed  in  one-half  per  cent  solution  for  twelve  hours,  then  for  five 
minutes  in  milk  of  lime.  This  is  very  effective  against  the  stinking 
:*mut  of  wheat,  but  does  not  entirely  prevent  oat  smut\ 

HOT  WATEB  TBXATBIENT. 

Jensen,  a  Dane,  in  1887  and  1888,  reported  excellent  results  with 
oat,  barley  and  wheat  smuts  from  dipping  the  seed  in  hot  water. 
Untreated  seed  gave  36  per  cent  of  smut. 
One-fourth  per  cent  bluestone  gave  one-half  per  cent  smut. 
Warm  water,  133®  F.,  6  min.,  gave  no  smut. 
The  rationale  of  this -treatment  is  that  the  smut  spores  succumb  at 
a  temperature  of  132®  F.  for  6  minute^  while  the  grain  seed  is  unin- 
jured by  this  temperature  for  15  minutes. 

This  method  of  smut  prevention,  somewhat  modified,  has  like  the 
bluestone  treatment,  been  very  widely  employed.  It  is  effective.  The 
only  objections  to  it  are  its  difficulty  of  manipulation  and  the  great 
care  that  is  needed  to  maintain  the  proper  temperature  so  as  surely  to 
kill  the  smut  spores,  but  as  surely  to  avoid  injuring  the  grain. 

FORMALIN  TREATMENT. 

While  the  foregoing  treatments  are  good,  a  still  better  one  is  the 
formalin  treatment  first  introduced  in  1897. 

Formalin  is  the  commercial  name  for  a  40  per  cent  solution  of 
formaldehyde  in  water.  Formaldehyde  was  discovered  in  1888.  It 
is  made  by  passing  a  mixture  of  air  and  wood  alcohol  vapor  over 
heated  platinum. 

The  germicidal  value  of  formalin  was  first  discovered  by  Trillat  in 
1888,  since  which  time  it  has  come  into  prominence  as  a  fungicide. 
In  1895,  Geuther^  published  a  paper  in  which  he  showed  formalin 
capable  of  destroying  the  germinating  power  of  smut  spores  without 
injuring  the  grain. 

Formalin  was  first  used  and  thoroughly  tested  in  America  as  a 
preventive  for  oat  smut  by  Prof.  H.  L.  BoUey,  of  North  Dakota 
Agricultural  Experiment  Station,  during  the  three  years  preceding 

>  W.  A.  KeUerinan  and  W.  T.  Swingle,  Second  Report  Kan.  Exp.  Station,  1890,  p.  241. 
*Th.  Geuther  Elnwlrkung  von  Fonnaldehyde^loeungen  auf  Getreldebrand.    Ber  d.  deut.    Pharm. 
Genu..  6.  1806.  S28. 
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1897.  In  March,  1897,  Professor  BoUey  published  his  results  in 
bulletin  form* ;  Prof.  C.  P.  Close,  of  New  York  Station,  published  a 
bulletin  in  December,  1897,  presenting  the  results  of  some  experi- 
ments with  formalin  treatment  during  that  year^.  During  the  win- 
ter of  1897-98,  Prof.  M.  B.  Thomas,  of  Indiana,  read  a  paper*,  de- 
scribing experiments  concerning  the  effect  of  formalin  upon  tht- 
germination  of  seed  oats  and  suggesting  that  it  might  be  well  to  try 
this  substance  upon  the  spores  of  smut  as  a  possible  smut  prevention. 
In  1898,  Neger*  and  Tubeuf^  also  published  bulletins  concerning  thf 
relation  of  formalin  to  smuts  of  cereals. 

Since  the  publication  of  these  papers,  many  Agricultural  Kxperi- 
ment  Stations  have  concurred  in  their  recommendations  and  the  u>e 
of  the  formalin  treatment  has  extended  to  probably  every  country 
where  oats  are  grown. 

In  the  various  experiments  many  strengths  of  formalin  have  been 
tested.  The  strongest  solution  recommended  for  use  is  one  pound  of 
formalin  to  twenty-five  gallons  of  water ;  the  weakest,  one  pound  to 
one  hundred  gallons,  while  by  far  the  greater  number  of  experi- 
menters recommended  one  pound  of  formalin  to  fifty  gallons  of 
water. 

TBEATBOSNT  FOB  OAT  8MX7T  AND  WHEAT  STXNKINO  SMUT. 

Two  methods  of  treatment  are  recommended. 

1.  A  solution  is  made  of  one  pound  of  formalin  to  fifty  gallons  of 
water  and  placed  in  a  barrel  or  large  tub.  The  seed  is  then  placed  in 
bags  and  immersed  for  ten  to  twenty  minutes,  or  until  thoroughly 
wet,  then  taken  out  and  dried  and  stored,  or  planted  immediately. 
If  stored,  great  care  must  be  exercised  not  to  place  the  seed  where 
smutted  seed  has  been  before  or  where  there  is  any  possibility  of 
smut  spores  being  carried  to  it.  If  drilled  at  once  the  drill  will  have 
to  be  set  to  sow  more  than  the  usual  quantity  of  seed  to  the  acre  t^ 
allow  for  the  extra  size  of  the  swollen  seed. 

2.  The  other  method,  more  easily  employed  and  more  to  be  recom- 
mended, consists  in  sprinkling  the  seed  instead  of  immersing  it.  The 
same  strength  of  solution,  that  is,  one  pound  to  fifty  gallons  of  water, 
is  used. 

To  treat  the  grain  spread  it  in  thin  layer  on  a  smooth  barn  ficn^r 
and  sprinkle  with  the  diluted  formalin,  using  either  a  spraying 
machine  or  a  watering  pot.  Sprinkle  so  as  thoroughly  and  evenly  to 
wet  the  grain  with  the  mixture.     Then  shovel  the  grain  over  tho^ 

1 H.  L.  Bolley,'  New  Studies  upon  the  Smut  of  Wheat,  Oatn  and  Barley,  with  a  resume  of  tmt- 
ment  expeiimente  for  the  last  three  years.    (N.  Dak.  SU.  Bui.  27, 1897.  pp.  10»-164.) 

<  C.  P.  Cloee.  Resulta  with  Oat  Smut  In  1897.    N.  Y.  Station  Bui.  131.  pp.  441-454. 

«M.  B.  Thomas.  The  Effect  ef  Formalin  on  Germinating  Seeds.  (Proo.  Ind.  Acad.  Sdenee.  1S97. 
144-148J. 

«  F.  W.  Negcr,  Ueber  Desinfekton  von  Saatffut  mittels  Formaldehyde-Dampfe.  Praktlsebe  Blstter 
fur  Pflansenbau  und  Pflansenschuts,  Vol.  1.  No.  11.     November,  1898,  pp.  84-^. 

•Carl  von  Tubeuf.  Scherings  Formallngas-Methode.  Praktische  Blatter  fur  Pflanfenbau  und  Pflan- 
senschuts.  Vol.  I,  No.  11.  November,  1898.  pp.  85-86.  gitizedlDy  \jCnC7gl. 
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oughly  a  few  times  to  insure  even  distribution  and  cover  the  pile  with 
canvas,  carpet,  blankets  or  bagging,  to  keep  the  fumes  of  the  formalin 
within.  The  pile  should  stand  from  6  to  12  hours  in  this  way.  The 
oats  may  then  be  readily  dried  by  mixing  with  air-slaked  lime,  and 
the  lime  may  be  removed  by  the  fanning  mill.  The  seed  is  then 
ready  to  sow.  It  may  be  stored,  but  in  so  doing  it  is  liable  to  renewed 
f^mut  infection.  The  best  way  is  to  treat,  dry,  then  sow  as  soon  as 
practicable. 

In  general,  one  gallon  of  mixture  will  suffice  to  treat  one  bushel  of 
^ain.  The  formalin  should  be  used  at  the  rate  of  one  ounce  to  three 
^llons  of  water. 

Formalin  is  an  irritating  caustic  which  should  not  be  brought  into 
contact  with  the  skin  in  pure  form.  In  diluted  condition  it  is 
harmless. 

Formalin  can  be  purchased  from  the  druggist  at  a  cost  of  75  to  95 
cents  a  poimd,  thus  making  the  cost  of  treatment  not  more  than  2 
cents  to  the  bushel  of  grain.  The  gain  in  increase  of  yield  is  esti- 
mated at  from  $1.00  to  $5.00  per  acre. 

EXPBSIMBNTS  CONCXRNINO  INJURY  TO  SEEDS.^ 

Owing  to  the  many  strengths  of  formalin  recommended  for  the 
prevention  of  smut,  experiments  were  undertaken  in  1905  to  deter- 
mine what  strength  is  dangerous  to  the  germinating  power  of  the 
seed.  Formalin  of  the  following  strengths  was  used:  one  ounce  to 
one  gallon ;  one  ounce  to  two  gallons ;  one  ounce  to  three  gallons,  and 
one  ounce  to  one-half  gallon.  The  trials  showed  that  the  strongest 
solution  quite  materially  injured  the  germinating  power  of  the  grain, 
while  the  other  three  strengths  did  not  injure  the  seeds  appreciably. 

Further  experiments  were  carried  out  to  test  the  various  strengths 
iipon  several  varieties  of  oats.  It  was  found  that  three  of  the  six 
varieties  tested  showed  much  more  resistance  to  the  formalin  than 
the  other  three  varieties  used. 

Tests  of  the  effects  of  different  times  of  application  of  the  solution 
were  made  and  it  was  found  that  one  ounce  to  one  gallon  may  be 
used  with  comparative  safety  for  a  period  of  two  hours,  and  that  one 
ounce  to  two  gallons  is  dangerous  when  used  for  12  hours. 

It  was  further  found  that  good,  heavy,  plump  seed  gave  better 
germination  tests  after  treatment  than  either  average,  medium,  or 
poor  (light)  seed. 

WORK  IN  NORTH  CAROLINA. 

While  the  oat  crop  is  not  of  leading  importance  in  this  State,  its 
aggregate  is  large,  amounting  to  2,500,000  bushels  in  1900.  The 
loss  through  oat  smut  is  therefore  a  significant  item  in  State  economy. 

F.  L.  Stevena,  Thlrty-Flmt  Report  N.  C.  Station.  1909,  p.  30.  Digitized  by  ^^^JUy  IL' 


82  N.  C.  AOBIOULTUEAL  EXPERIMENT  STATION. 

Since  this  disease  is  so  easily  prevented  and  at  such  trifling  cost. 
every  effort  has  been  made  to  call  the  attention  of  the  farmers  of 
North  Carolina  to  the  loss  and  methods  of  preventing  it.  In  1902. 
the  work  was  begun  by  writing  to  prominent  farmers  and  explaining 
the  treatment  to  them,  sending  gratis  a  sample  of  formalin  sufficient 
to  treat  an  acre  of  oats,  and  a  circular  giving  directions  for  its  u>e. 
The  distribution  of  this  formalin  was  further  effected  by  offers  made 
at  many  farmers'  institutes  and  through  various  agricultural  papers, 
and  through  press  bulletins  published  in  local  papers  during  the  past 
eight  years.  Letters  were  also  sent  to  several  hundred  school  teacher- 
of  the  State,  attempting  through  them  to  call  attention  to  the  for 
malin  treatment  and  offering  to  send  free  samples  to  any  patron  of 
their  schools  who  would  agree  to  try  it  and  report  results. 

Many  of  the  farmers  who  tried  the  formalin  failed  to  report  the 
results,  a  few  accepted  it  but  for  some  reason  failed  to  test  it  The 
great  majority  who  received  samples  tested  the  treatment  and  re 
turned  to  this  Experiment  Station  statements  attesting  its  efficienej 
and  their  letters  are  now  here  on  file.  A  very  few  failed  to  note  am 
beneficial  effects  owing  to  the  fact  that  there  was  little  or  no  smur 
on  the  untreated  field  used  for  comparison  with  the  treated  field. 

The  efficiency  of  the  formalin  treatment  has  thus  been  thoroughlv 
demonstrated  to  the  farmers  of  North  Carolina,  and  many  farmers 
have  adopted  its  use  as  a  permanent  practice  and  the  object  lessont 
afforded  by  these  farmers  are  rapidly  leading  to  a  general  use  of  thi? 
valuable  mode  of  disease  prevention. 

WHEAT  SMUTS. 

As  is  said  on  page  76,  there  are  two  kinds  of  smut  common  on 
wheat,  the  loose  smut  and  the  stinking  smut. 

The  stinking  smut  may  be  prevented  by  the  use  of  one-half  per 
cent  bluestone  or  formalin.  Either  treatment  is  good.  The  formalin 
is  best.    It  is  employed  just  as  for  the  prevention  of  oat  smut 

The  loose  smut  finds  its  way  into  the  plant  in  the  very  young  con- 
dition of  seed,  i,  e,,  before  the  seed  ripens,  indeed  while  the  wheat 
plant  is  yet  in  blossom.  In  the  ripe  seed  the  fungus  is  within  the 
seed  itself  and  is  beyond  the  killing  influence  of  chemical  steeps. 
The  bluestone  or  formalin  method  employed  against  the  stinking 
smut  of  wheat  and  against  oat  smut  are  therefore  of  no  avail.  The 
discovery  that  infection  occurs  in  the  seeds  at  the  time  of  blooming, 
however,  leads  to  the  suggestion  that  if  one  avoids  using  seed  that 
was  exposed  to  infection  during  blooming  there  will  be  little  or  no 
danger  from  loose  smut  and  conversely  if  one  employs  seed  that  came 
from  a  field  containing  much  loose  smut  such  seed  is  probably  in- 
fected and  will  result  in  a  smutted  orop. 

One  remedy  against  loose  smut  of  wheat  is,  theref of e7  wnen  prac- 
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ti  cable,  to  use  only  seed  from  fields  that  were  free  of  loose  smut.  In 
many  instances  such  seed  can  not  be  obtained.  It  then  becomes  neces- 
sary to  treat  infected  seed  so  as  to  procure  from  it  a  sufficient  quan- 
tity of  uninfected  seed.  This  can  be  accomplished  by  a  modified 
form  of  the  Jensen  hot-water  treatment.  The  directions  for  pro- 
cedure drawn  from  Freeman  and  Johnson^  are  as  follows : 

A  good,  clean,  well-cultivated  piece  of  land  should  be  selected  for 
raising  seed.  The  plat  should  be  large  enough  to  provide  at  least 
t\rice  as  much  grain  as  will  be  necessary  for  farm  seed  the  following 
year  in  order  to  allow  for  loss  in  cleaning  and  selecting.  This  seed 
plat  should  not  lie  near  fields  of  smutted  crops  of  the  same  cereals, 
nor  should  it  be  so  located  that  the  prevailing  winds  at  flowering  time 
can  carry  spores  to  the  seed  plat  from  a  neighboring  field  of  the 
same  grain.  This  isolation  is  absolutely  necessary.  A  strip  of  wood, 
a  corn  field,  or  a  large  meadow  is  a  valuable  protection. 

After  seed  for  the  plat  has  been  cleaned  by  the  best  fanning  and 
sifting,  it  must  be  treated  by  the  Jensen  method.  The  clean  seed 
should  be  soaked  for  from  five  to  seven  hours  in  water  at  ordinary 


watei\^-< 


(     JBoiling  water. 


Post. 


Fio.  2.— Diagram  Bhowlnc  arrangement  for  treating  smutted  seed. 

room  temperature,  17'  to  22'  C.  (63'  to  72^  F.),  then  placed  in  small, 
loose  sacks  or  wire  baskets,  containing  not  more  than  one-half  peck 
each,  and  drained  for  a  short  time.     The  seed  must  be  treated  in 

'  E  If.  Freeman  and  E.  C.  Johnson.  U.  S.  Dept.  Agr.  Bur.  Plant  Indus.,  152,  July  12,  1909. 
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small  lots  in  order  that  all  of  the  grain  may  quickly  and  uniformlv 
reach  the  desired  temperature.  Two  tubs  or  vats  of  water  should 
be  provided.  In  one  tub  (No.  2)  the  exact  temperature  required 
should  be  maintained.  The  other  tub  (No.  1)  is  used  for  bringing 
the  grain  to  the  temperature  in  tub  No.  2.  Galvanized  iron  tubs  of 
20  to  40  gallons'  capacity,  and  kerosene  or  gasoline  double-burner 
stoves  are  convenient. 

The  drained  sacks  or  baskets  of  seed  should  be*  plunged  into  tub 
No.  1  for  a  minute,  then  transferred  to  tub  No.  2,  and  kept  agitated 
while  immersed  at  temperatures  and  for  the  periods  specified  below, 
the  temperatures  mentioned  being  maintained  as  nearly  as  possible: 
For  barley,  15  minutes  at  52"  C.  (125.6"  F.).    For  wheat,  10  min- 
utes at  54"  C.  (129.2"  F.).     In  treating  barley,  if  the  temperaiure 
should  rise  above  52"  C.  (125.6"  F.),  the  time  of  immersion  must  be 
reduced  to  ten  minutes  at  53"  C.   (127.4"  F.),  or  five  minutes  at 
54"  C.  (129.2"  F.).  Above  54"  C.  (129.2"  F.)  there  is  no  safe  margin. 
If  the  temperature  falls  slightly  below  52"  C.  (125.6"  F,),  the  time 
of  treatment  should  be  increased  in  proportion.    A  temperature  lower 
than  51"  C.   (123.8"  F.)  is  not  effective.     In  treating  wheat,  if  the 
temperature  should  rise  above  54"  Q.  (129.2"  F.)  or  fall  below  52''  C. 
(125.6"  F.),  the  time  for  immersion  must  be  diminished  or  increased 
accordingly.    Under  no  circumstances  should  a  temperature  of  more 
than  55"  C.    (131"  F.)   be  allowed.     Temperatures  below  51"  C. 
(123.8"  F.)   are  ineffective.     A  reliable  thermometer  is  necessary, 
since  the  use  of  an  inaccurate  instrument  may  result  in  injury  to 
the  germinating  power  of  the  grain  or  in  failure  to  prevent  the  smut 

The  men  working  together  can  easily  treat  one  bushel  of  grain  an 
hour,  or  enough  seed  in  one  day  to  sow  a  seed  plat  of  from  6  to  10 
acres.  The  seed  may  be  dried  by  spreading  it  out  in  thin  layers  not 
over  2  ins.  in  depth  on  a  clean  granary  floor  or  on  canvas,  and  shovel- 
ing or  raking  it  from  time  to  time.  It  should  not  be  allowed  to 
sprout.  Care  must  be  taken  to  prevent  freezing  of  the  grain  when  it 
is  moist,  as  this  will  impair  germination. 

Seed  treated  as  indicated  may  be  planted  as  soon  as  it  is  sufficiently 
dry  to  run  freely  through  the  drills,  making  allowance  for  the  swollen 
seed.  Before  sowing  the  seed  should  be  tested  for  germinating 
power,  and  a  corresponding  increase  in  the  rate  of  seeding  be  made. 

The  seed  plat  may  be  maintained  from  year  to  year,  or  as  long  as 
any  smut  is  present  in  the  grain  fields.  Seed  obtained  from  the 
treated  seed  plat  does  not  have  to  be  treated  the  following  year. 


Digitized  by  LjOOQIC 


Digitized  by  LjOOQIC 


Digitized  by  LjOOQIC 


BULLETIN  213  OCTOBER  1010 


NORTH  CAROLINA 

Agricultural  Experiment  Station 

OF  THE 

COLLEQe  OF  AGRICULTURE  AND 
MECHANIC  ARTS 

WEST  RALEIGH 


FEEDING  EXPERIMENTS  WITH  COWS  AND  CALVES 


Edwardb  &  Brouohton  PiUNTiNa  Company, 
State  Printers. 


Digitized  by  LjOOQIC 


Digitized  by  LjOOQIC 


N.  C.  COLLEGE  OF  AGRICULTURE  AND   MECHANIC  ARTS 
THE   NORTH   CAROLINA 

AGRICULTURAL  EXPERIMENT  STATION 

UNDIR    THt    CONTROL    OF    THI 

TRUSTEES  OF  THE  A.  ft  M.  COLLEGE 


GovEBNOB  W.  W.  KiTCHiN,  cx  offloio    Chairman,  Raleigh 

C.  VV.  Gold Kaleigh  M.  B.  Stigklet Concord 

K.  M.  KooNCE Jacksonville  T.  T.  Balumoeb Tryon 

T.  W.  Blount Roper      |     N.  B.  Bbouohton Raleigh 

D.  A.  Tompkins Charlotte  O.  L.  Clajik Clarkton 

J.  T.  Ellington Smithfield      l     Evebett  Thompson Elizabeth  City 

W.  E.  Daniel Weldon  R.  H.  Ricks Rocky  Mount 

VV.  H.  Ragan High  Point  O.  Max  Gabdneb Shelby 

VV.  B.  CooPEB Wilmington      :     M.  L.  Reed Asheville 


STATION  STAFF 
D.  H.  Hill,  President  of  the  College 

C.  B.  Williams Director  and  Agronomist 

VV.  A.  WiTHEBS Chemist 

F.  L.  Stevens Vegetable  Pathologist  and  Bacteriologist 

J.  S.  Jeffbet Poultryman 

F.  C.  Reimeb Horticulturist 

R.  S.  Cubtis Animal  Husbandman 

K.  I.  Smith Entomologist 

G.  A.  RoBEBTS Veterinarian 

J.  D.  Cecil Animal  Pathologist 

J.  C.  McNuTT Dairy  Husbandman 

VV.  C.  Ethebidge Associate  Agronomist 

B.  J.  Ray Assistant  Chemist 

A.  R.  Russell Assistant  in  Field  Experiments 

L.  R.  Detjen Assistant  Horticulturist 

F.  W.  Shebv^ood Assistant  Chemist 

T.  B.  Stansel Assistant  Bacteriologist 

Guy  West  Wilson Assistant  in  Plant  Diseases 

A.  F.  Bowen Bursar 

C.  P.  Franklin Secretary  and  Stenographer 


The  Bulletins  and  Reports  of  this  Station  will  be  mailed  free  to  any  resident  of 
the  State  upon  request. 

Visitors  are  at  all  times  cordially  invited  to  inspect  the  work  of  the  Station, 
the  office  of  which  is  in  the  new  Agricultural  Building  of  the  College. 
Address  all  communications  to 

N.  C.  AORTCULTIJRAL  EXPERIMENT  STATION,      . 

West  RALEioHl^gcfce 


Digitized  by  LjOOQIC 


TABLE  OF  CONTENTS 

PAac. 

Narrow  versus  Medium  Rations  for  Cows... _._ 89 

Plan  of  experiment _ _. _.  89 

Rcsulte.-.-:., 89 

Table  showing  Milk,  Butterfat  Test  and  Butterfat  Yield  and  Live  Weight.  90 

Table  showing  total  yield  of  Milk  and  Butterfat  and  total  Live  Weight..  91 

Second  Trial 91 

Table  showing  Milk,  Butterfat  Test  and  Butterfat  Yield  and  Live  weight  92 

Table  showing  Total  Yields  of  Milk,  Butterfat  and  Live  Weight 93 

Comparison  of  results  of  the  two  trials _ _ 93 

Relative  Economy  of  Narrow  and  Medium  Ration 93 

Health  of  Cows 94 

Relative  Feeding  Value  of  Cottonseed  Meal  and  Linseed  Meal  for  Milk  Pro- 
duction.   - _ .  94 

Results 95 

Table  showing  Milk,  Butterfat  Test,  Butterfat  Yield  and  Live  Weight. . .  95 

Table  showing  Yield  of  Milk  and  Butterfat  and  Total  Live  Weight 96 

Linseed  Meal  as  a  Tonic  Food 96 

Miscellaneous  Feeding  Trials  with  Cows  and  Calves _ .  _ _ 96 


Digitized  by  LjOOQIC 


Digitized  by  LjOOQIC 


FEEDING  EXPERIMENTS  WITH  COWS  AND  CALVES 


Bt  John  Michels 


NABBOW  VERSUS  MEDII7M  RATIONS  FOR  COWS. 

In  most  sections  outside  of  the  cotton  belt  the  cost  of  protein  feeds 
is  high  in  comparison  with  those  of  a  carbonaceous  nature.  In  the 
South  with  its  abundance  of  cottonseed  meal,  protein  is  relatively 
cheap.  Because  of  these  facts,  the  work  of  the  stations  outside  of 
the  cotton  belt  has  been  directed  mainly  toward  securing  data  as  to 
how  wide  a  ration  can  be  successfully  fed  to  dairy  cows.  Obviously, 
from  what  has  been  stated  above,  an  important  problem  with  the 
North  Carolina  farmer  is  to  determine  how  narrow  a  ration  can  be 
successfully  fed.  The  experiment  reported  in  this  bulletin,  there- 
fore, was  undertaken  with  a  view  of  determining  the  relative 
economy  of  a  narrow  ration  and  of  a  medium  wide  ration.^ 

PLAN  OF  EXPERIMENT. 

The  experiment  was  divided  into  three  periods  of  twenty-eight 
days  each.  In  periods  I  and  III  a  narrow  ration  was  fed  consisting 
of  5  parts  cottonseed  meal,  4  parts  wheat  bran,  3  parts  com  meal 
and  50  pounds  com  silage.  This  ration  had  a  nutritive  ratio  of 
approximately  1 :4.  During  period  II  the  ration  was  the  same  as  in 
periods  I  and  III,  except  that  2.5  pounds  of  cottonseed  meal  were 
replaced  by  2.5  pounds  of  corn  meal,  giving  this  ration  a  nutritive 
ratio  of  approximately  1:5.7.  Each  period  was  preceded  by  ten 
days  preliminary  feeding. 

Eight  cows  from  three  to  six  weeks  in  lactation  were  used  for  the 
experiment.  Cows  Nos.  6  and  7  received  9  pounds  of  grain;  Nos. 
1  and  4,  10  pounds;  No.  2,  11  pounds;  and  Nos.  3,  5  and  8,  12 
pounds.     The  grain  was  always  fed  before  the  roughage.  . 

The  milk  from  each  cow  was  weighed  daily,  and  composite  samples 
of  it  were  tested  weekly  by  the  Babcock  test.  The  cows  themselves 
were  weighed  once  a  week  throughout  the  experiment. 

RESULTS. 

The  results  obtained  from  the  individual  cows  during  the  different 
periods  are  presented  in  the  following  table : 


>Ina  wide  ration  there  Is  less  protein  in  proportion  to  carbonaceous  matter  than  in  a  narrow 
ration. 


Digitized  by  VjUUy  l<^ 


90 


N.   C.  AGRICULTURAL  EXPERIMENT  STATION. 


TABLE  I— Showinq  Milk.  Buttebfat  Tkst  and  Butterfat  Yield  akd  Liite  Weigkt. 


No. 
Cow. 


Period. 


I.   Narrow  ration.. 

1  II.  Medium  ration.. 

'  III.   Narrow  ration.. 


I 


I  Ax9nff 

Butter-      Butter-         Wei^i 
MUk.  fat—  fat—  of 

PtrCent.   Pounds.        Cow^— 
PouDds. 


560.8 
522.0 
491.0 


5.1 
4.5 
4.8 


28.6 

23.4 
23.5 


75A 
762 


I.   Narrow  ration.. 

2      >    II.  Medium  ration.. 

I  III.   Narrow  ration.. 


622.9 
645.8 
561.4 


5.6 
5.5 
5.7 


34.8 
35.5 
39.1 


S3T 


S35 


I.   Narrow  ration.. 

11.  Medium  ration.. 

in.   Narrow  ration.. 


857.8 
753.9 
752.6 


4.4 

4.3 
4.5 


37.7 
32.4 
33.8 


•1 

•74 


I.  Narrow  ration.. 
II.  Medium  ration.. 
III.   Narrow  ration.. 


555.5 
467.1 
433.1 


5.4 

4.6 
5.4 


29.9 
21.3 
23.3 


7^ 
781 
78S 


I.  Narrow  ration.. 
II.  Medium  ration.. 
III.   Narrow  ration.. 


761.9 
096.2 
675.7 


4.0 
4.0 
4.1 


30.4 
27.8 
27,7 


933 

900 


I.   Narrow  ration.. 

II.  Medium  ration. 

III.   Narrow  ration.. 


455.7    '  5.8 

407.0    I  5.9 

I 

354.0    I  5.9 


26.4 

24.0 
2a8 


865 


I.   Narrow  ration.. 

7  II.  Medium  ration. 

III.    Narrow  ration.. 


432.1 
405.1 
380.8 


4.6  19.8 

4.5  1&2 

4.9      I      18.0 


748 
744 
T4S 


I.   Narrow  ration. 


701.6 


II.  Medium  ration .*...;      570.2    j 

III.   Narrow  ration !      630.7 


4.8 

4.1 
4.1 


3a  I  1,0M 

23.4  1.013 

25.8  i.oei 


The  results  presented  in  Table  I  show  that  with  one  exception  all 
cows  produced  more  butterfat  during  the  first  period  than  during 
the  second,  while  in  the  third  period  some  cows  produced  a  little 
more,  and  some  a  little  less  butterfat  than  was  produced  in  the 
second  period.  The  weight  of  the  cows  was  practically  the  same 
throughout  the  experiment  except  of  cows  Nos.  |tift9^  Sufi's?!  ^^'  ^ 
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-gradually  lost  in  Weight,  while  cow  No.  8  gained  during  the  progress 
of  the  trial.  Attention  is  also  called  to  the  test  of  the  milk,  which 
was  perceptibly  lower  with  most  cows  during  the  middle  period  than 
•either  during  the  preceding  or  following  period. 

The  results  of  the  experiment  are  brought  out  more  forcibly  in 
the  following  table: 

TABLE  II.— Showing  Total  Yiclo  of  Milk  and  Buttbrf at  and  Total  Live  Wkioht. 


Period. 


Milk-   ,  ^?^*«^ 


fat— 


Po«°<J*lperCrnt. 


Total 
Butter-  '       Live 

fat—     I    Weight- 
Pounds.       Pounds. 


I.   Narrow  ration 4.978.3        4.90  237.7  6.623 


I 


IL   Medium  ration 4,668.3  1      4.67      i      206.0  6,680 


in.   Narrow  raUon 4.279.3,      4.92  205.6  6.593 

I 

Average  of  Period*  I  and  III 4,628.8        4.91      .     221.5    I        6.610 


Comparing  the  average  results  secured  in  periods  I  and  III  with 
those  of  period  II  it  is  found  that  the  narrow  ration  produced  7.5 
per  cent  more  butterfat,  increased  the  butterfat  test  0.24  per  cent 
and  the  total  live  weight  30  pounds.  The  milk  yield  was  practi- 
cally the  same. 

SECOND  TRIAL. 

The  results  of  this  trial  are  rather  contrary  to  matters  generally 
regarded  as  fairly  fixed,  namely,  that  the  feed  does  not  influence  the 
richness  of  milk  and  that  a  fairly  wide  ration  is  more  efficient  than 
a  narrow  one.  In  view  of  this  it  was  thought  desirable  to  duplicate 
the  work  to  see  if  the  results  obtained  could  be  substantiated  or  rea- 
sonably duplicated. 

In  the  second  trial  the  kind,  amount,  and  proportion  of  feed  as 
well  as  the  general  method  of  recording  results,  were  the  same  as  in 
the  first  trial.  To  add  strength  to  the  results,  however,  it  was 
thought  best  to  reverse  the  feeding  periods.  In  the  first  trial  the 
narrow  ration  was  fed  during  the  first  and  third  periods  and  the 
medium  ration  during  the  second  period.  In  the  second  trial  the 
medium  ration  was  fed  during  the  first  and  third  periods  and  the 
narrow  during  the  second.  The  number  of  cows  in  the  first  trial  was 
eight,  while  only  five  were  used  in  the  second  trial.  The  results 
obtained  from  the  individual  cows  during  the  different  periods  of  the 
second  trial  are  presented  in  the  following  table : 
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TABLE  ni.  Showing  Milk.  BoTTEBrAT  Tbbt.  BxTTTERrAT  Yield  akd  Liv«  Wkxght. 


No. 
Cow. 


Period. 


Milk- 
Pounds. 


'  Butter-      Butter^ 

fat—  fat— 

Per  Cent.    Pounds. 


I    Avvrase 
,     Weight 
'  of  Cow»- 
I    Pounds. 


I.  Medium  raUon 519.1  5.60  29.20    ^         852 

II.   Narrow  ration 500.8  6.00  30.03    \         885 

III.   Medium  raUon 468.8    i      6.15  27.83  876 


I.   Medium  ration.... 632.1 

2  II.   Narrow  ration 591.3 

III.   Medium  ration 499.0 


5.55 
6.06 
6.23 


35.08 
35.83 
31.10 


9(B 


899 


I.  Medium  ration.. 

II.   Narrow  ration . . 

III.  Medium  ration.. 


752.8 
754.7 
617.1 


3.7 
3.86 
4.15 


27.  S5 
29.13 
25.61 


SS4 

961 
993 


I.  Medium  ration. 
II.  Narrow  ration.. 
III.  Medium  ration.. 


733.6 
648.0 
551.0 


4.75 
5.62 
5.73 


34.85  ,  769 
36.42  ,  76 
31.59  790 


I.   Medium  ration 836.7  4.48  28.49  794 

5  II.   Narrow  ration 581.7    |      4.88  28.39  S09 

,  III.   Medium  ration 536.1     i      4.77  25.45  S30 


The  table  shows  that  with  one  exception  all  cows  produced  more 
butterfat  during  period  II  when  the  narrow  ration  was  fed,  than  in 
either  the  preceding  or  following  periods  during  which  the  medium 
ration  was  fed.  The  exception  is  cow  No.  5,  which  yielded  slightly 
less  butterfat  in  period  II  than  in  period  I,  but  considerably  more 
than  in  period  III. 

The  rise  in  the  per  cent  of  butterfat  is  very  marked  in  changing 
from  the  medium  to  the  narrow  ration,  but  far  less  so  in  chauging 
from  the  narrow  to  the  medium  ration,  indicating  that  the  narrow 
ration  tends  to  raise  the  per  cent  of  butterfat  in  milk. 

The  yield  of  milk  gradually  dropped  from  the  beginning  to  the 
close  of  the  test  except  in  the  case  of  cow  No.  3,  which  gave  slightly 
more  milk  in  Period  II  than  Period  I.  Three  cows  gained  in  weight 
during  the  trial,  while  two  lost  slightly  in  weight,  the  loss  or  gain 
being  uniform  from  the  beginning  to  the  close  of  the  test. 

The  results  of  the  experiment  are  brought  out  more  forcibly  in 
the  following  table: 
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TABLE  IV.— Showing  Total  Yiblos  or  Milk,  Buttbbfat,  and  Live  Weight. 

_    -  __     _  _  ^  .__    _      ^     _    _     ^_  -     . 

w,ii,       ,  Butter-    .  Butter-  ,  Total  Live 
Period.  !  T?J  !„7;        fat—  fat—     I   Weight- 

Pounds.  !  peyCent.i  Pounds.  |     Pounds. 

^  '  j 

I.    Medium  raUon 3,274.3'  4.82  '  1M.47  '  4,262 

II.    Narrow  ration ,  3,076.5  '  6.28  '  159.82  !  4,290 

III-    Medlumratlon 2,672.0  '  5.40  I  141.68  '  4,351 


Average  of  periods  I  and  III 2.973.1  '      6.11      I    148.62  4,301 


Comparing  the  average  results  secured  in  periods  I  and  III  with 
those  of  period  II  it  will  be  found  that  the  narrow  ration  produced 
7.6  per  cent  more  butterfat,  increased  the  butterfat  0.17  per  cent 
and  the  amounts  of  milk  93.4  pounds,  the  live  weight  remaining  prac- 
tically the  same. 

COMPARISON  OF  RESULTS  OF  THE  TWO  TRIALS. 

In  regard  to  the  yield  of  butterfat  the  results  of  the  two  trials  are 
almost  identical.  In  the  first  trial  there  was  an  increase  of  7.6  per 
cent  in  butterfat  yield  in  favor  of  the  narrow  ration ;  during  the  sec- 
ond period  the  increase  was  7.6  per  cent.  The  narrow  ration  also 
showed  a  higher  per  cent  of  butterfat  in  both  trials,  being  0.24  per 
cent  higher  in  the  first  trial  and  0.17  per  cent  in  the  second.  The 
yield  of  milk  was  0.8  per  cent  greater  with  the  medium  ration  during 
the  first  trial,  but  during  the  second  trial  the  narrow  ration  produced 
the  more  milk,  being  3.4  per  cent  greater  than  that  from  the  medium 
ration.  The  live  weight  of  the  cows  was  practically  the  same  for 
both  narrow  and  medium  ration  during  both  trials. 

RELATIVE  ECONOBTSr  OF  NARROW  AND  MEDII7M  RATION. 

So  far  as  concerns  the  experimental  results  in  this  bulletin,  a  com- 
parison of  the  "narrow"  and  "medium"  rations  is  equivalent  to  a 
comparison  of  com  meal  and  cottonseed  meal.  It  was  learned  that 
cottonseed  meal  (narrow  ration)  produced  more  butterfat  than  the 
corn  meal  (medium  ration),  when  fed  in  the  quantity  and  combina- 
tion as  reported  in  these  trials.  To  get  the  full  difference  in  the 
value  of  these  two  feeds,  however,  it  is  necessary  to  consider,  in  addi- 
tion to  their  respective  values  as  butterfat  producers,  also  their  mar- 
ket and  fertilizing  values. 

It  was  stated  at  the  outset  that  the  ration  fed  during  Period  II 
was  the  same  as  that  fed  during  Periods  I  and  III,,  except  that  2.6 
pounds  of  cottonseed  meal  were  replaced  by  an  equal  weight  of  corn 
meal.  The  cost  of  the  former  feed  was  1.3  cents  per  pound,  while 
that  of  the  latter  was  1.5  cents,  making  a  saving  of  0.2  cent  per 
pound  in  favor  of  the  cottonseed  meal.  .    , ,, ,, ,.,^ 
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Comparing  the  two  feeds  solely  on  the  basis  of  their  fertilizing 
value  it  is  found  that  cottonseed  meal  is  worth  1.4  cents  per  pound 
and  corn  meal  0.38  cent  per  pound,  a  difference  of  1.02  cents  per 
pound  in  favor  of  the  cottonseed  meal.  Adding  to  this  the  difference 
in  the  original  cost  of  the  two  feeds,  we  find  that  each  pound  of  cot- 
tonseed meal  replaced  by  an  equal  weight  of  com  meal,  effected  a 
saving  of  1.22  cents  when  both  the  original  cost  and  the  fertilizing 
ingredients  are  considered.  But  to  this  must  also  be  added  the  in- 
crease in  the  butterfat  production,  which  was  found  to  be  7.5  per 
cent  when  2.6  pounds  of  cottonseed  meal  were  substituted  for  an 
equal  weight  of  corn  meal.  Valuing  butterfat  at  30  cents  per  pound, 
the  extra  yield  of  butterfat  increased  the  returns  from  cottonseed 
meal  0.9  cent  for  each  pound  fed  in  place  of  com  meal.  Adding 
this  to  the  1.22  cents  found  above,  we  find  that  for  eac^  pound  of 
com  meal  replaced  by  an  equal  weight  of  cottonseed  meal,  a  saving 
of  2.12  cents  was  effected  for  each  pound  so  replaced.  With  a  herd 
of  ten  cows  fed  one  year  under  the  conditions  of  the  experiments 
detailed  here,  this  would  mean  a  total  saving  of  $193.55. 

HEALTH  or  COWS. 

So  far  as  this  experiment  is  concerned  there  was  nothing  whatever 
to  indicate  that  a  narrow  ration  (1:4)  has  any  detrimental  influence 
on  the  health  of  cows.  In  this  connection  it  may  be  stated  that  no 
positive  conclusions  regarding  this  matter  could  be  drawn  from  a 
short  feeding  experiment.  The  writer's  data  in  reference  to  this 
point,  however,  are  not  limited  to  those  obtained  in  the  experiments 
detailed  here;  they  cover  four  years  work  with  from  fifteen  to  fifty 
cows,  which  were  fed  on  an  average  not  less  than  six  months  a  year 
on  rations  containing  a  nutritive  ratio  of  about  1 :4.^  In  all  cases 
where  such  a  narrow  ration  was  fed,  corn  silage  formed  the  main 
part  of  the  roughage  and  we  feel  positive  that  no  injury  can  be  done 
a  cow  by  feeding  a  narrow  ration  when  corn  silage  forms  the  main 
part  of  the  roughage,  even  when  the  narrow  ration  is  obtained  by 
feeding  concentrates  in  which  cottonseed  meal  forms  the  main  part, 
provided,  of  course,  that  the  meal  is  in  first-class  condition. 

RELATIVE  FEEDING  VALUE  OF  COTTONSEED  MEAL  AND  LINSEED 
MEAL  FOR  MILK  PRODUCTION. 

The  experiment  was  divided  into  three  periods  of  twenty-four 
days  each,  the  first  seven  days  of  each  period  being  counted  as  pre- 
liminary. In  Periods  I  and  III  a  ration  was  fed  consisting  of  10 
parts  wheat  bran,  10  parts  cottonseed  meal,  5  parts  corn  meal,  and  5 
parts  linseed  meal.     The  grain  ration  during  the  second  period  dif- 
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fered  from  this  in  that  10  parts  of  linseed  meal  were  fed  and  only  5 
parts  of  cottonseed  meal.  Of  these  grain  mixtures,  cows  Nos.  1,  4 
and  6  received  13  pounds  daily,  while  Nos.  2  and  3  received  11 
pounds  daily.  Each  cow  received  uniformly  45  pounds  of  silage 
throughout  the  test.  All  of  the  cows  were  in  the  early  stages  of 
lactation. 

The  milk  from  each  cow  was  weighed  daily  and  composite  samples 
of  it  were  tested  weekly  by  the  Babcock  test.  The  cows  were  regu- 
larly weighed  once  a  week. 

RESULTS. 

The  results  obtained  from  the  individual  cows  during  the  different 
periods  are  presented  in  the  following  table: 


TABLE  V. — Showing  Milk,  Bitttbrfat  Tbst,  Buttbrfat  Yibld  and  Livb  Wbiqrt. 


No. 

of 

Cow. 


Fteioci. 


MUk- 
Poundfl. 


Butter^ 

f»tn- 

Per  Cent. 


Butter- 

fatr- 
Poundfl. 


Total  Live 

Weights 

Pounds. 


I.  Cottonwed  meal.. 

II.  linaeed  meal 

in.  Cottonseed  meal.. 


649.9 
582.6 
588.6 


4.4 

4.2 
4.2 


28.59 
24.47 
22.62 


984 
924 
912 


I      I.  Cottonseed  meal. 

II.  Unseed  meal 

III.  Cottonseed  meal.. 


370.5 
342.3 
326.4 


4.1 
4.1 
4.2 


15.19 
14.03 
13.70 


992 

995 
970 


I.  Cottonseed  meal.. 

II.  Linseed  meal 

ni.  Cottonseed  meal.. 


396.8 
368.2 
315.2 


5.0  19.84 

4.9      I  18.04 

4.8      I  15.13 

I 


748 
712 
715 


I.  Cottonseed  meal.. 

I    II.  Linseed  meal 

lU.  Cottonseed  meal.. 


470.2 

4.4 

470.4 

4.5 

476.9 

4.5 

20.68 
21.16 
21.46 


865 
849 
855 


I.  Cottonseed  meal.. 

II.  Linseed,  meal 

IIL  Cottonseed  meal.. 


■| 


577.6 
530.6 
540.2 


.4.1 
4.2 
4.3 


23.68  I  766 

22.28  j  735 

23.22  I  739 

I 


The  table  shows  the  yield  of  milk  and  butterfat  gradually  de- 
creased throughout  the  test  except  with  cows  Nos.  4  and  5,  which 
show  a  slight  increase  during  Period  III.  The  per  cent  of  butterfat 
was  practically  the  same  throughout  the  test.  There  was  also  a  de- 
crease in  live  weight  as  the  test  progressed,  except  in  case  of  cows 
Nos.  3,  4  and  5,  which  showed  a  slight  increase  dujiRg^£eriQ(LIII. 
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The  results  of  the  experiment  are  brought  out  more  forcibly  in  the 
following  table: 

TABLE  VI.— Total  Yield  of  Milk  and  Butterfat  and  Total  Live  Wkigbt. 


Milk- 


Butter-     Butter—   Total  Livr 


Pertod.  p".V:Z         fat—         fat—        Wei«ht- 

I'ounds.    Percent.   Pounds,       Pouwfc 


I.   Cottonueed  meal 2,465.0        4.40  105-45  4.3S& 

II.  Llnaeed  meal 2,294.1        4.38  100.48  4.215 

in.  Cottonaeed  meal 2.107.3        4.40  96.63  4.1M 


Average  I  and  III 2,331.1         4.40  102.72  4.273 

The  table  shows  that  the  cottonseed  meal  gave  slightly  greater 
returns  than  the  linseed  meal.  The  diflference,  however,  is  so  slight 
that  it  would  seem  unwise  not  to  feed  a  small  quantity  of  the  linseed 
meal  in  place  of  cottonseed  meal  where  there  is  the  slightest  need  of 
the  tonic  effect  which  linseed  meal  is  capable  of  producing.  The 
cost  of  a  ton  of  linseed  meal  averages  about  15  to  20  per  cent  higher 
than  cottonseed  meal. 

LINSEED  MEAL  AS  A  TONIC  FOOD. 

The  great  tonic  value  of  linseed  meal  is  evidenced  by  the  fact  that 
most  of  the  so-called  patent  stock  foods  and  condition  powders  are 
largely  made  up  of  linseed  meal.  It  is  a  laxative  feed  and  for  this 
reason  large  quantities  of  it  should  never  be  fed  as  a  daily  ration. 
It  is  especially  suited  to  young  stock,  being  rich  in  growing  material, 
such  as  protein  and  ash.  Indeed  there  is  no  class  of  farm  animals 
to  which  some  linseed  meal  cannot  be  fed  to  advantage,  especially 
when  the  animals  are  deprived  for  long  periods  of  green  or  succulent 
feeds.  Linseed  meal  takes  the  place  of  the  high  price  patent  tonic 
stock  feeds  and  costs  on  an  average  only  about  one-tenth  as  much. 
Every  well  regulated  stock  farm  should  always  be  provided  with 
Hnsood  meal. 

MISCELLANEOUS  FEEDING  TRIALS. 

Observations  have  been  made  as  to  the  effect  of  feeding  cows  a 
ration  containing  one-third  cottonseed  meal  during  .the  month  pre- 
ceding calving.  No  ill  effects  of  such  feeding  were  noticeable.  It 
should  be  borne  in  mind,  however,  that  the  cows  received  a  liberal 
amount  of  corn  silage  during  the  time  these  observations  were  made. 
Our  feeding  trials  have  well  established  the  fact  that  cottonseed  meal 
can  be  fed  with  much  greater  safety  in  conjunction  with  silage  than 
with  dry  roughage. 

In  another  investigation  involving  over  twenty  animals  observa- 
tions were  made  on  the  effects  of  feeding  a  grain  r^mn.^cpn?iptinc 


FEEDING  EXPERIMENTS   WITH   COWS  AND   CALVES.  97 

of  oiie-third  cottonseed  meal,  to  heifers  ranging  from  six  to  eighteen 
months  of  age.  The  daily  grain  allowance  ranged  from  one  and  one- 
half  pounds  for  the  six  months'  old  heifers  to  two  and  three-quarter 
pounds  for  the  eighteen  months'  old  heifers.  The  amount  of  meal 
fed  in  these  trials  did  not  appear  to  interfere  in  the  least  with  the 
vigor  and  development  of  the  animals.  One-half  of  the  roughage  fed 
consisted  of  com  silage. 

Investigations  have  also  heen  made  on  the  effects  of  feeding  calves 
on  old  pasteurized  milk  and  on  skim-milk  soured  with  pure  cultures 
of  lactic  acid  bacteria.  In  the  main,  the  old  pasteurized  skim-milk 
did  not  appear  to  have  any  appreciable  effect  on  calves,  though  the 
same  had  a  tendency  to  produce  scours  when  badly  curdled.  Feed- 
ing skim-milk  sourced  with  lactic  acid  bacteria  did  not  induce 
scours;  on  the  contrary,  such  milk  had  an  appreciable  constipating 
effect.  This  constipating  effect  was  so  marked  as  to  prove  quite 
efficacious  in  checking  calf  scours.  More  data  is  needed  to  posi- 
tively prove  to  what  extent  skim-milk  soured  with  pure  cultures  of 
lactic  can  be  used  as  a  cure  for  calf  scours. 
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TWO  IMPORTANT  CANTALOUPE  PESTS 


The  two  insects  dealt  with  in  the  following  pages, — ^which  will  be 
spoken  of  as  the  pickle  worm,  Diaphania  nitidalis,  and  the  melon 
worm,  Diaphania  hyalinata, — represent  in  some  respects  the  greatest 
obstacle  to  successful  growing  of  cantaloupes,  squash  and  cucumbers, 
and  certain  other  cucurbitaceous  crops  mentioned  elsewhere  in  this 
bulletin.  Growers  of  these  crops  are  obliged  to  prevent,  or  at  least 
attempt  to  prevent,  the  work  of  such  insects  as  cutworms,  striped 
cucumber  beetles,  melon  lice,  squash  lady  beetles,  and  others,  but  as  a 
source  of  injury  to  the  maturing  fruit,  the  two  worms  discussed  in 
this  bulletin  are  the  chief  offenders.  The  pickle  worm,  is,  of  the 
two,  the  most  destructive.  In  the  vicinity  of  Ealeigh,  where  investi- 
gations have  been  made  for  the  past  two  seasons,  and  over  the  greater 
portion  of  North  Carolina,  it  is  more  injurious  than  the  melon  worm. 
The  latter  becomes  more  numerous  and  destructive  in  the  coastal 
section  and  in  States  farther  south.  In  Georgia  and  Florida,  these 
two  species  are  often  of  about  equal  importance.  It  would  seem 
that  the  melon  worm  has  about  reached  its  northern  range,  as  a  de- 
structive insect,  in  the  latitude  of  Ealeigh,  but  the  pickle  worm  is 
fully  as  injurious  here  as  it  is  in  Florida. 

For  two  seasons  the  writer  has  made  a  special  investigation  into 
the  habits,  development,  life  history  and  extent  of  injury  caused  by 
the  melon  worms  and  by  the  pickle  worms.  Most  of  the  actual  work 
and  observations  have  been  made  in  the  vicinity  of  West  Raleigh. 
The  accompanying  illustrations  and.  descriptions  should  enable  the 
general  reader  to  distinguish  between  the  two  species,  and  the  more 
intimate  acquaintance  with  the  work  and  habits  of  these  worms,  will, 
it  is  expected,  enable  growers  to  prevent  some  of  the  annual  injury. 
It  is  seldom  that  any  direct  measures  are  adopted  to  prevent  the 
work  of  these  worms,  or  to  prevent  their  increase.  This  condition 
should  not  exist.  Growers  of  cucurbits  should  learn  how  to  prevent 
or  check  the  increase  of  these  worms,  even  though  it  is  impossible  to 
exterminate  them,  or  to  prevent  a  certain  amount  of  injury  each  year. 

EXTENT  OF  DAMAGE  IN  NORTH  CAROLINA. 

By  boring  into  ripening  cantaloupes,  cucumbers  and  summer 
squash,  pickle  worms  injure  these  crops  to  an  extent  ranging  from 
a  small  per  cent  up  to  nearly  total  destruction,  depending  greatly  on 
the  season  and  whether  the  crops  are  maturing  early  or  late. 

An  early-maturing  crop  of  cantaloupes  or  cucumbers,  that  is,  one 
harvested  before  July  1,  is  not  often  seriously  injured  by  pickle 
worms,  no  matter  how  numerous  they  become  later  in  the  season. 
On  the  other  hand,  a  late  July  or  early  August  crop  may  be  nearly 
ruined  even  around  Raleigh,  while  in  the  coastal  section  these  insects 
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become  numerous  somewhat  earlier  in  the  season.  In  the  cantaloupe 
section  of  Robeson  and  Scotland  counties,  some  injury  occurs  when 
the  crop  is  gathered  later  than  July  10,  as  was  true  in  1910.  If  the 
season  had  permitted  earlier  planting  and  earlier  maturity,  the  worm 
injury  would  not  have  amounted  to  two  per  cent  of  the  crop.  In 
1910,  it  often  went  as  high  as  fifteen  to  thirty  per  cent  Around 
Raleigh,  where  most  of  the  cantaloupes  in  1910  were  not  gathered 
until  August  1  or  later,  the  worms  in  some  instances  destroyed 
seventy-five  per  cent,  and  in  a  few  fields,  nearly  the  entire  crop. 

The  above  statements  refer  particularly  to  the  injury  caused  bv 
the  pickle  worms.  The  other  species,  knovni  as  the  melon  worms, 
have  not  been  numerous  enough  during  1909  and  1910  to  prove  a 
serious  pest,  for  when  present,  they  occurred  mainly  on  the  foliage 
of  summer  squash  or  boring  in  the  late  squash.  The  writer  has  seen 
only  a  few  of  this. species  that  were  actually  boring  into  cantaloupes 
and  cucumbers  around  Raleigh,  and  in  squash  they  were  present  only 
late  in  the  season  when  the  crop  was  of  little  value. 

The  actual  loss  caused  by  these  worms  is,  therefore,  largely  de- 
pendent on  the  season,  but  the  writer's  observations  have  shown  that 
the  grower  can  practice  methods  of  rotation,  use  of  squash  as  a  trap 
plant,  and  the  destruction  of  remnants  of  an  infested  crop,  and 
thereby  reduce  the  injury  considerably,  and  prevent  the  annual  in- 
crease of  these  pests. 

OBJECT   OF   INVESTIGATION. 

The  study  of  these  two  curcurbit  worms  was  undertaken  for  the 
purpose  of  attempting  to  learn  some  method  of  preventing  more 
eflFectively,  than  it  has  been  done  in  the  past,  the  usual  amount  of 
injury.  It  was  hoped  that  the  melon  worms,  D.  hyalinata,  would  be 
made  the  principal  object  of  study  because  previous  literature  has 
not  dealt  largely  with  that  species.  Fortimately,  however,  this 
form  has  not  been  destructive  in  the  vicinity  of  Raleigh  during  the 
past  two  seasons,  nor  is  it  liable  to  become  so  if  parasites  continue 
to  reduce  its  numbers,  as  they  have  done  in  the  past.  The  present 
bulletin  will  therefore  be  confined  largely  to  a  statement  of  what  has 
been  learned  concerning  the  habits  and  development  of  both  species, 
and  mention  of  predaceous  and  parasitic  enemies.  Methods  of  pre- 
venting the  work  of  these  worms  are  fully  explained. 

PICKLE  WORM. 

Diaphania  nitidaliSj  Cramer. 

REASON  FOB  COMMON  NAME. 

A  study  of  the  early  mention  of  this  insect  shows  that  the  name 
"pickle  worm"  was  first  bestowed  on  it  by  Riley  in  1869  because  the 
worms  were  then  frequently  found  in  pictled  cucumbers,  as  they 
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^were  being  cut  for  the  table.  For  many  reasons  this  title  is  not 
appropriate,  for  there  is  scarcely  a  farmer  who  knows  it  by  this  name, 
and  its  usual  method  of  damaging  cantaloupes  and  summer  squash 
would  far  better  call  for  the  name  "melon  borer."  However,  since 
the  name  pickle  worm  has  been  used  in  literature  for  so  many  years, 
it  seems  best  to  retain  it.  There  is  still  another  good  reason  for 
retaining  this  common  name,  and  that  is,  in  order  to  distinguish  it 
from  the  other  species  described  in  this  bulletin  as  melon  worm, 
Z>.  hyalinata.  The  latter  species  could  much  more  appropriately  be 
called  the  striped  melon  worm,  but  it  seems  inadvisable  to  try  to 
change  these  names  after  they  have  been  used  for  so  many  years. 

FOOD    PLANTS    AND   FEEDING    HABITS. 

Pickle  worms  probably  feed  on  nearly  all  curcurbits,  but  in  North 
Carolina  they  work  mainly  on  cantaloupes  or  mitskmelons,  summer 
squash,  cucumbers  and  gourds.  Quaintance  has  observed  it  on  the 
watermelon,  but  the  writer  has  never  seen  a  single  larva  on  that  crop, 
even  though  watermelon  fields,  immediately  adjoining  cantaloupes 
in  which  the  worms  were  very  numerous,  have  been  frequently  ex- 
amined. It,  therefore,  seems  quite  certain  that  this  worm  seldom 
attacks  the  watermelon.  The  pickle  worm  does  not  appear  to  have 
been  recorded  in  America  as  feeding  on  any  plants  not  belonging  to 
the  cucurbitaceous  family.  It  certainly  does  not  often  cause  notice- 
able injury  to  any  crops  except  the  few  mentioned  above. 

On  cantaloupe,  squash  and  cucumber,  pickle  worms  feed  freely  in 
the  opening  bud  clusters,  in  the  blooms — particularly  large  squash 
blooms, — in  fruit  of  all  sizes,  and  also  in  the  main  stem  and  leaf 
stems.  While  the  buds,  blossoms  and  fruit  are  abundant,  the  worms, 
if  they  are  not  overly  numerous,  will  seldom  go  into  the  leaf  stems  or 
stalk.  Late  in  the  season  when  the  plants  are  through  fruiting,  a 
large  number  are  often  found  in  the  main  stalk  and  leaf  stems,  where 
their  work  resembles  that  of  the  common  squash  vine  borer,  Melittia 
satyriniformis.  The  favorite  feeding  place  for  pickle  worms  is  un- 
doubtedly *in  the  large  blooms  of  summer  squash  (Fig.  16),  or  in 
the  unopened  buds.  Late  planted  squash  and  cucumber  often  have 
the  vines  thoroughly  riddled  and  practically  killed  by  pickle  worms. 
The  leaf  and  blossom  buds  are  devoured  before  they  can  open,  and  as 
these  usually  furnish  insufiitient  food,  the  worms  burrow  in  the 
stems,  in  which  they  eat  long  cavities. 

When  working  on  cantaloupe  vines,  pickle  worms  are  frequently 
found  in  the  buds  and  blooms,  in  which  they  sometimes  become 
nearly  full  grown.  The  real  injurious  feeding,  however,  is  in  the 
maturing  fruit  of  squash,  cantaloupe  and  cucumbers,  which  may  be 
considered  as  the  most  important  crops.  Small  pickle  worms  usually 
make  shallow  cavities  in  the  rind,  but  sometimes  bore  directly 
through  the  rind  and  feed  on  the  interior.    The  larger  worms  usually 
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bore  directly  through  the  rind,  and  one  worm  may  make  several 
entrance  holes.     (Fig.  1.)     In  the  green  fruit  the  worms  are  content 


Fio.  1.— Pickle  Worm  injury  to  ripening  cantaloupes.    Photographed  in  natural  position  tn  field. 

(Original.) 

to  feed  on  the  interior,  but  in  a  ripening  cantaloupe  they  seem  to  dis- 
like the  soft  flesh  and  consequently  make  several  entrance  holes  or 
excavate  large  cavities  in  the  rind.  Every  one  who  has  grown  canta- 
loupes knows  that  the  fruit  soon  sours  or  rots  after  a  worm  has  made 
a  hole  sufficiently  deep  to  allow  the  air  to  enter. 

According  to  practically  all  published  records,  pickle  worm  injury 
sefinis  to  be  confined  to  cantaloupe,  muskmelon,  cucumber,  squash, 
cashaw  and  cymlins.  Pumpkins  seem  to  be  exempt  from  injury, 
according  to  Quaintance,  who  records  pumpkins  in  Georgia  as  not 
infested  even  when  growing  adjacent  to  muskmelons  that  were 
eventually  destroyed. 

HISTORY  AND  DISTRIBUTION.       ' 

The  pickle  worm  moth  has  been  known  since  1782,  when  it  was 
listed  by  Cramer.  In  1794,  Fabricius  gave  its  habitat  as  Austria. 
It  seems,  however,  that  this  is  an  American  species.  The  injurious 
character  of  the  larvae  seems  to  have  been  first  recorded  by  Walsh 
and  Eiley  in  the  American  Entomologist,  in  1869,  when  it  was 
found  injuring  cucuml)ers  at  Alton,  Illinois,  Peeverly,  Missouri,  and 
St.  Joseph,  Michigan.  During  that  year  the  fact  that  the  larvae 
were  frequently  found  in  pickled  cucumbers,  was  what  led  Riley  to 
suggest  the  name  pickle  worm. 

This  insect  has  been  reported  as  occurring  in  Canada,  the  United 
States,  West  Indies,  and  in  parts  of  South  America.  In  the  United 
States  it  occurs  in  nearly  all  the  South  Atlantic  and  Gulf  States,  and 
as  for  north  as  New  York,  and  westward  through  Kansas.     It  is 
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probably  present  also  through  Central  America  and  Mexico.  The 
first  illustrated  account  of  the  pickle  worm  is  doubtless  that  given  by 
Riley  in  his  Second  Report  on  Noxious  Insects  of  Illinois,  pp.  64-70. 
At  that  time  considerable  injury  seems  to  have  been  caused  by  the 
lar\'8B  to  both  cucumbers  and  muskmelons  over  a  large  territory.  In 
his  article,  Riley  states  that  "The  worms  commenced  to  appear  in  the 
latitude  of  St.  Louis  about  the  middle  of  July,  and  they  continued 
their  destructive  work  till  the  end  of  December.''  In  another  s^en- 
teiice  he  said  that  he  could  find  no  previous  mention  of  its  destructive 
work,  and  that  it  evidently  was  never  destructive  enough  in  the  past 
to  attract  attention. 

In  the  Report  of  the  United  States  Commissioner  of  Agriculture 
for  1870,  Glover  figured  and  mentioned  this  species  briefly.  Snow 
in  1876  reported  it  as  not  common  in  Kansas,  and  Packard  in  1877, 
French  in  1878  and  Comstock  in  1870,  gave  this  insect  brief  men- 
tion. Since  1883,  numerous  writers  (see  bibliography)  have  made 
mention  of  the  occurrence  and  destructiveness  of  this  pest  in  various 
parts  of  the  country. 

Throughout  the  North  the  pi'kle  worm  is  not  often  numerous 
enough  to  be  injurious,  but  in  the  South,  particularly  in  the  Caro- 
linas,  Georgia  and  Florida,  it  causes  considerable  injury  every  sea- 
son. Very  few  cucurbit  fields  are  e^er  entirely  free  from  this  pest 
in  North  Carolina  and  States  southward,  during  the  months  of  sum- 
mer and  fall. 

DESORI?TIONS. 

Eggs.     (Fig.  2.) 

Freshly  deposited  eggs  are  of  a  pearly  A\'hite  color,  but  change  to 
yellowish  after  about  twenty-four  hours,  and  to  a  deeper  yellow 
before  hatching,  v.hen  the  shape  of  the  larva  is  easily  detected 
through  the  nearly  transparent  shrll.  The  surface  of  the  shell  is 
faintly  marked  with  raised,  irregular  lines  forming  four,  five  and 
six-sided  area«^.  The  shape  nf  thi  eggs  varies  greatly,  dependent  on 
the  surface  on  which  they  are  deposited,  and  on  the  number  of  ^gs 
laid  in  th'f  masses,  which  vary  from  two  to  six  or  seven.  Eggs  are 
seldom  placed  singly.  Single  eggs  measure  about  0.8  mm.  long  by 
0.4  to  0.6  mm.  wide.  They  hatch  during  warm  weather  on*  the 
fourth  day. 

LarvcB.     (Fig.  3,  a  and  b.) 

The  description  of  the  larval  stages,  after  each  molt,  as  orijrinally  written  by 
Quaintance,^  has  been  found  by  the  writer  to  be  correct  and  ia  therefore  repro- 
duced without  any  changes. 

Larva,  First  Stage, — ^Length,  1.6  mm.;  in  shape,  sub-cylindrical;  head  rela- 
tively large.  Color  of  body,  uniformly  whitish;  ocelli  brownish  black;  tubercles 
and  corneous  areas,  spiracles  and  mandibles,  brownish;  tips  of  mandibles  darker, 
strongly  toothed.     Head  subcordate,  0.25  mm.  wide,  by  0.22  m^zJiPRS^tM^lt! 
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nicic   ahield   moderately  rlUtinct;    thoracic   legs  wcli    -levt  loptu.    f 
blade- like  spiue*     Prolegs   normal,  well  developed,  with   circle  of 
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Fjo.  Z, — EcK  miiMrn  of  tlii?  pickle   worm  Att«cbc4  to  ttu^    pUxiK  b«in   of    »sssmi>rT  mq-s**' 
(ftH.  3  laiMBea  on  teal  n^tai  rb),  1  mu»  on  young  bioom  bud;    (e),  1  m*.^  oi.  >  ^  un^  ^-^ 


Fia.  3,— Pickle  Womw  iind  Pupft.       Two  worm*  tni  kfl.  n*  Hii-y 
In  oenter.  worma  nearly  ready  Ui  pup&te;  impti  on  ti^hi*  M JignlCvd  t|§  t 

developed  honks.     Annl   prole^B  pre««nt«   nortnaL     8«»U'   Arttlnf   frtUB   sinSirvlP 
tuherclea  which  are  surrouiuJed  by.  more  or  lefvs  well  dctiQeHl  eortknoiit  arvfti    (te 
third  abdotninal  segment,  tuljercles  I,  III  and  IV,  and  ^p^f^|fik(i^(3^mi^ 
dorsavftiUral  line.     Tubercle  II,  ventre  caud ad  of  1,  tci  wllleli  H  m<^ 
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III.  Tubercles  IV  and  V  approximate,  though  in  distinct  corneous  areas. 
Tubercle  VI,  absent  Tubercle  VII,  with  normal  position,  composed  of  two  some- 
what separated  setsB.  Tubercle  VIII,  present,  on  inner  side  of  proleg.  On  body 
segments  3,  7,  9  and  occasionally  2,  setie  arising  from  Tubercle  III,  on  each  side, 
very  long.  Setie  on  abdominal  segments  dorsad  of  spiracles,  on  each  side  some- 
what spatulate  at  tip;  ventrad  of  spiracular  line  setie  acute.  Setie  of  Tubercles 
II,  V,  and  cephalic  one  in  VII,  but  moderately  long. 

Second  Stage. — ^Length,  about  2.5  mm.;  body  tapering  slightly  caudad  and 
cephalad;  color  of  body  whitish,  the  large  corneous  areas  surrounding  tubercles 
distinctly  brown  and  more  or  less  circular.  Head  light  brown;  ocelli  dark 
brown ;  prothoracic  shield  and  mandibles  brown.  Tubercles  as  in  stage  I,  except 
VI,  which  is  now  present,  about  equidistant  between  IV  and  V,  and  VII. 
Tubercle  VII,  now  with  three  set®.  In  IV  and  V,  the  brown  corneous  areas  have 
coalesced,  though  the  sets  are  not  closer  together  than  in  First  Stage. 

Third  Stage, — Length  about  4  mm.  Head  about  0.81  mm.  wide,  by  0.64  mm. 
long,  subeordate,  brownish.  Ocelli,  mandibles,  margin  of  prothoracic  shield,. 
and  corneous  areas  of  body,  brownish  black.  In  this  and  the  Fourth  Stage,  the 
brownish  black  or  black  corneous  areas  occurring  in  more  or  less  transverse  rows, 
across  the  body,  give  such  a  conspicuous  marking  that  any  one  should  be  able  to 
distinguish  larvsB  of  this  species  from  those  of  Diaphania  hyalinata.  The  larvc& 
of  this  latter  species  have  two  longitudinal  subdorsal  whitish  lines  and  are  of  a 
pronounced  greenish  color;  these  larvae,  also,  are  more  slender,  and  considerably 
more  active  when  disturbed,  wriggling  out  of  a  leaf,  much  like  larv»  of  the  grape 
leaf  folder  {Deamia  Maculalis), 

Fourth  Stage, — ^Length  about  10  mm.  Head  about  1  mm.  wide,  by  0.90  mm. 
loni^r;  rather  squarish,  though  with  deep  V-shaped  indenture  above.  Body,  void 
of  food,  whitish  in  color.  Corneous  areas,  large,  rounded,  shiny  black;  protho- 
racic shield  margined  with  black.    Sets  as  in  previous  stage. 

Fifth  Stage. —  (Immediately  after  fourth  moult.)  Length  about  16  nun.  Head 
1.6  mm.  wide,  1.6  mm.  long,  sub-circular.  Color  of  body,  whitish;  the  distinct 
black  transverse  spots  of  earlier  stages  are  lost  in  the  fourth  mouIt»  and  these,, 
in  the  last  stage,  take  a  faint  brownish  tinge,  scarcely  noticeable  in  contrast  to 
the  color  of  the  body.    Spines  and  tubercles  as  in  earlier  stages. 

Full  Oroum  Larva. 

A  full  grown  pickle  worm,  as  taken  gorged  with  greenish  colored  food,  is 
greenish  to  yellowish  green  in  color,  and  measures  from  five  to  seven-eights  of 
an  inch  in  length.  The  feet  and  prolegs  are  lighter,  with  claws  of  feet  brown. 
Head  and  prothoracic  shield  yellowish  brown,  with  mandibles  and  ocelli  dark 
brown.  The  skin  is  somewhat  transparent  and  the  pulsations  of  the  dorsal  tube 
or  "heart"  may  be  plainly  seen  along  the  back.  Larvse  vary  somewhat  in  color 
from  whitish  to  yellowish  or  greenish,  depending  on  the  amount  and  character 
of  the  food  matter  within  them.  Many  larvie,  after  leaving  the  food  preparatory 
to  pupation,  assume  dorsally  a  dull,  coppery  color— others  retain  the  norma) 
coloration. 

Cocoon. 

Preparatory  to  pupating  the  full  grown  worm  spins  a  scanty  white 
silken  lining  in  the  fold  of  some  leaf,  usually  on  the  wilted  or  dying 
foliage.     In  this  shelter  they  assume  the  pupal  stage. 

Pupae.     (Fig.  4.) 

The  pupa  is  at  first  pale  green,  but  soon  become  rather  uniformly 
brown,  with  leg  and  wing  shields  lighter.  If  partly  exposed  to  the 
light  they  become  very  dark  brown.  The  head  end  is  bluntly 
pointed,  while  the  caudal  end  is  acute  and  bears  a  group  of  strong,. 
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short  spines,  curled  at  the  tips,  which  serve  to  hold  the  pupa  in  its 
cocoon.     The  length  of  the  pupa  varies  from  one-half  to  nearly  three- 


Fio.  4.— Pickle  Worm  Puptf.      Above,   view  of  pupa  from  left  side;  below,  partial   view  of 
ventral  aspect.     Magnified  nearly  7.  times.     (Original.) 


fourths  of  an  inch.  Fig.  4  shows  their  general  shape  and  appear- 
ance. In  this  stage  under  average  summer  conditions  they  remain 
between  eight  and  nine  days,  or  all  winter  if  they  represent  the  last 
generation. 

Adults.     (Fig.  5.) 

The  adult  is  a  somewhat  striking-looking  moth.  The  wing  ex- 
panse varies  from  one  inch  to  nearly  one  and  one-fourth  inches,  and 
the  length  of  the  head  and  body,  including  the  brush  terminating  the 
abdomen,  is  nearly  five-eighths  of  an  inch.  The  general  color  above, 
of  body  and  wings,  is  yellowish  brown,  with  an  iridescent  purplish 
reflection.  The  front  wings  show  an  irregular  semi-hyaline  area  of 
a  yellow  tinge,  situated  somewhat  nearer  the  tip  than  the  base.  On 
the  hind  wings  the  inner  two-thirds  is  of  the  same  semi-transparent 
yellow  tinge.  These  markings  are  well  shown  in  the  illustration. 
The  lower  surface  of  the  wings  shows  the  same  markings,  but  the 
brown  color  is  less  brilliant.  The  thighs  and  breast  are  silvery 
white,  while  the  lower  side  of  the  abdomen  and  the  legs  are  more  of  a 
tawny  color.  The  antennsB  are  very  slender  and  nearly  as  long  as 
the  body.  The  eyes  are  brownish-black.  The  prominent  labial 
palpi  are  brown  laterally  and  silvery  white  beneath.     In  both  sexes, 
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the  abdomen  terminates  in  a  prominent  brush  formed  of  flattened, 
more  or  less  curved  scales  which  are  yellowish  near  the  base  and 
darker  toward  the  tip.  This  brush  can  be  partially  w;thdra\/n  so 
that  it  is  not  conspicuous.     In  the  female  the  brush  is  smaller  and 


Fio.  5.— Pickle  Woriq  Motb.    Magnified  2H  times.    (Original.) 

the  individual  scales  flatter  and  more  curved  than  in  the  m^le.  In 
other  respects  the  sexes  are  difficult  to  distinguish,  except  when  the 
female  is  heavy  with  eggs. 


EGO   LAYING  AND  HATCHING   OF   EGGS. 

Eggs  are  laid  at  night,  probably  after  midnight,  since  the  moths 
seldom  fly  before  that  hour.  Clusters  of  from  two  to  four  eggs, 
occasionally  six  or  seven,  are  usually  placed  on  buds,  flowers,  ter- 
minal stems,  and  tender  portions  of  the  foliage,  although  they  have 
been  observed  on  older  leaves  when  the  plants  are  scarce.  The 
writer  has  never  seen  them  on  the  fruit  of  cucurbits.  Many  of  the 
eggs  are  attached  to  the  plant  hairs,  as  shown  in  Fig.  2,  in  which 
case  the  eggs  often  look  as  though  they  had  been  impigned  over  the 
point  of  the  hair.  They  are  often  so  situated  on  the  large  plant 
hairs  of  the  stems  and  buds  of  summer  squash,  and  when  so  situated 
the  egg  mass  assumes  a  globular  shape.  In  other  cases  the  eggs  are 
placed  loosely  among  the  plant  hairs  and  are  often  laid  in  flat  masses 
on  the  surface  of  the  leaf  or  stem.  The  eggs  do  not  appear  to  be 
glued  and  can  be  dislodged  without  injury  in  most  instances. 

Shortly  before  hatching,  which  occurs  when  the  egg  is  about  three 
and  a  half  to  four  days  old,  movement  of  the  strong,  dark  mandibles 
of  the  larva  can  be  seen  through  the  egg-shell.  For  an  hour  or 
more  before  the  larva  emerges  these  jaws  are  frequently  working  in 
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an  attempt  to  cut  through  the  shell.  When  an  opening  is  made  it  is 
enlarged  until  the  thoracic  legs  can  be  thrust  out  to  gain  a  foothuli 
and  then  the  larva  sometimes  crawls  out  in  a  minute  or  two,  or  may 
slowly  emerge  while  taking  frequent  rests.  In  masses  of  several 
eggs  one  may  be  hatched  four  or  five  hours  before  the  last. 

LARVAL    DEVELOPMENT    AND    HABITS. 

The  larvae  immediately  after  emerging  from  the  e^  shells  crawl 
rapidly  about  if  confined  on  a  small  area  not  suitable  for  food,  bnt 
soon  commence  to  feed  when  a  suitable  place  is  found.  They  pav 
no  attention  to  the  empty  egg  shells.  Before  feeding  they  usually 
clean  and  straighten  out  the  hairs  scattered  over  the  body  by  drawing 


Fig.  6.— Pickle  Worm  Injury.    Three  squash  buds  on  left;  on  right,  very  young 
squash  cut  open  to  expose  worm  within.    Slightly  reduced.    (Original.) 


them  between  their  mandibles.  Within  a  few  hours  after  hatching 
the  little  larvae  may  be  completely  buried  in  the  soft  tissue  of  the 
bud  or  fruit  on  which  they  commence  to  feed.  Only  a  comparatively 
few  reach  the  fruit  until  after  they  are  a  few  days  old  and  have 
passed  at  least  the  first,  and  usually  the  second  molt.  In  large 
squash  buds  and  blossoms  (Fig.  6)  the  worms  frequently  become 
full  grown  and  do  not  emerge  until  ready  to  pupate.  In  the  smaller 
buds  of  cantaloupes  and  cucumbers  they  often  feed  until  about  half 
grown,  and  then  move  to  the  fruit.  In  other  cases  they  burrow  from 
the  terminal  bud  clusters  down  into  the  stem  and  there  complete 
their  growth.  In  other  words,  these  worms  are  nearly  always  feed- 
ing where  poisons  applied  to  the  surface  of  the  plant  would  not  reach 
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During  normal  July  or  August  weather,  the  rate  of  larval  devel- 
opment is  from  twelve  to  sixteen  days  from  the  time  of  hatching  to 
pupation.  The  last  two  to  three  days  are  spent  in  completing  the 
lining  to  their  pupal  home,  which  is  generally  a  curled  up  portion  of 
a  leaf,  and  in  resting  before  assuming  the  pupal  stage.  As  a  gen- 
eral rule  larvfiB  cease  feeding  three  days  after  passing  their  fourth 
molt,  spend  a  part  of  one  day  in  constructing  their  cocoon,  and  then 
rest  for  a  day  or  two  before  assuming  the  pupal  stage. 

In  the  following  table  is  shown  the  rate  of  development  in  relation 
to  the  number  of  instars,  which  are  marked  by  the  molting  of  the 
skin  which  occurs  five  times. 

1st  Instar. — From  hatching  to  1st  molt  requires  about  2^  days. 

2d    Instar. — From  1st  molt  to  2d  molt  requires  about  2  days. 

3d    Instar. — From  2d  molt  to  3d  molt  requires  about  2  days. 

4th  Instar. — From  3d  molt  to  4th  molt  requires  about  2^  days. 
5th  Instar. — From  4th  molt  to  5th  molt  (changing  to 

pupa)  about  5  days. 

Average  time  for  hatching  to  date  of  pupation  about  14     days. 

The  above  is  an  average  time  required  by  the  pickle  worm  to  grow 
to  maturity  and  change  to  the  pupal  stage.  This  estimate  was  de- 
termined by  observing  and  recording  the  rate  of  growth 'of  about  fifty 
individuals  of  which  the  individual  record  of  fourteen  is  shown  in 
the  following  table : 
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From  the  above  table  it  is  seen  that  the  larvae  take  from  tv^elve 
to  sixteen  days  to  reach  maturity  and  pupate.  Fourteen  days  is  cer- 
tainly a  fair  average  for  all  the  individuals  whose  record  was  se- 
cured. Later  in  the  season  when  cooler  weather  prevails  the  devel- 
opment is  considerably  retarded.  Scarcity  of  suitable  food  also  in- 
duces much  slower  growth. 

Pickle  worm  larv©  are  readily  recognized  until  after  the  fourth 
molt  by  the  transverse  rows  of  blackish  corneous  areas  from  which 
the  setfiB  arise.  When  the  worms  molt  the  fourth  time,  these  spots 
disappear  almost  completely  to  the  unaided  eye,  and  the  worms  as- 
sume a  rather  uniform  greenish  or  yellowish  color,  depending  on  the 
character  of  their  food.  Within  one  or  two  days  after  the  fourth 
molt  most  of  the  worms  a^-siime  a  dull  coppery  color  above,  soon 
after  which  they  cease  to  feed  ai:d  commence  to  prepare  their  pupal 
home.  The  increase  in  .the  size  of  the  worms  after  the  fourth  molt 
is  often  remarkable.  Some  of  them  more  than  double  in  size.  This 
increase  is  both  in  length  and  thickness,  but  particularly  in  the  lat- 
ter respect. 

The  coppery  color  of  most  of  the  full  grown  w;orms,  serves  to 
distinguish  them  from  the  melon  worm,  Z>.  hydlinata,  which  lose 
their  characteristic  white  stripes  a  few  days  after  the  fourth  molt, 
but  never  assume  a  coppery  color. 

The  older  pickle  worms,  when  feeding  on  cantaloupes,  readily  pass 
from  one  plant  to  another  or  from  one  fruit  to  another,  thus  injuring 
several  cantaloupes,  particularly  when  these  are  nearly  ripe.  In 
summer  squash  they  are  more  liable  to  bury  themselves  in  the  flesh 
and  feed  until  grown.  The  same  is  true  when  they  are  feeding  in 
large  squash  buds  or  blossoms.  Since  they  show  a  decided  preference 
for  squash  buds  and  blossoms,  as  well  as  the  squash  itself,  the  grower 
can  protect  his  cantaloupes  to  a  great  extent  by  using  squash  plants 
as  a  trap  crop. 

FORMATION  OF  PUPAE. 

The  pupal  stage  is  nearly  always  assumed  in  the  fold  of  a  leaf  of 
the  plant  on  which  the  pickle  worm  reached  maturity.  Sometimes 
the  pupae  are  formed  in  trash  around  the  plants,  and  occasionally 
they  are  not  enclosed  in  anything  except  the  thin  silken  cocoon  that 
usually  lines  the  place  in  which  they  pupate.  Evidently  all  the 
pupae  are  formed  above  ground.  Underneath  badly  infested  squash 
plants,  one  may  often  find  fifteen  or  twenty  pupae  in  rolls  of  the 
leaves  which  have  dropped  to  the  ground.  It  is  much  more  diflScult 
to  find  the  pupae  around  cantaloupe  plants. 

The  duration  of  the  pupal  stage  during  the  early  part  of  September 
is  shown  on  page  116,  the  average  being  practically  nine  and  one- 
half  days.     This,   however,   is  longer   than   the   average   time  for 
July  and  August     In  addition  to  the  record  on   pageyU6{U^fefe:: 
2 
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duration  of  the  pupal  stage  was  determined  for  sixty-one  individuals 
between  July  30  and  August  17,  1909.  Of  this  number  three  pupated 
in  seven  days;  twenty-two  pupated  in  eight  days;  twenty-six  in 
nine  days ;  and  the  remainder  in  ten  days.  The  average  duration  of 
the  pupal  stage  for  those  sixty-one  individuals  was  only  8.83  days, 
hence  nine  days  may  be  considered  a  fair  average  for  the  month  of 
August^  or  during  the  usual  warm  summer  weather. 

LENGTH  OF  LIFE  CYCLE. 

Normal  Summer  Weather. 

Individuals  of  each  generation  of  pickle  worms  show  considerable 
variation  in  the  time  required  to  reach  the  adult  moth  stage.  The 
possible  extremes  are  shown  by  the  following  figures,  taken  f r«  tii 
previously  recorded  records. 

SHOWING  POSSIBLE  VARIATION  IN  LIFE  CYCLE  OF  PICKLE  WORM. 


Minimum  Life  Cycle.  Maximum  Uie  Cycle. 


No.  Days.      '|  No.  Day? 

EggBtage - 4  i  Egg  stage 4 

I, 

Larval  stage 12  Larval  stage 16    • 

r 

Pupalstagc 7  i  Pupal  stage 11 


Total 21         •   I  Total .--  31 


The  average  life  cycle,  as  shown  by  all  records  securedj  is  twenty- 
seven  days  as  the  above  figures  indicate.  Adding  to  this  about  oue 
week  for  the  moths  to  mate  and  commence  to  deposit  eggs,  it  appears 
that  the  generations  may  follow  each  other  about  every  thirty-four 
days,  or  a  little  over  one  month. 


HOW  WINTER  IS   PASSED. 


The  ])ick]e  worms  pass  the  wiriter  as  pupae  under  or  around  their 
food  plants.  Probably  some  few  crawl  a  short  distance  before  pupat- 
ing, but  110  pupjE  have  been  found  by  the  writer  at  a  greater  di- 
tarice  than  about  ten  feet  from  the  food  plants.  During  the  latter 
part  of  September,  1909,  a  late  cucumber  field  literally  riddled  i>y 
pickle  worms,  was  frequently  visited  for  the  purpose  of  securing 
worms  and  pu}){r.  There  the  pupae  were  often  found  on  wee«l> 
several  feet  from  the  infested  vines,  and  would  have  passed  the  win- 
ter in  that  situation,  had  they  not  been  destroyed. 

As  a  remedial  measure,  the  burning  of  remnants  of  infestfl 
plants,  and  the  weeds  and  trash  around  these  plants,  is  undoubtedly 
of  great  value.     It  should  be  remembered,  |^gj^§;^^^t|^  many  of 
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the  pupsB  are  in  the  folds  of  the  leaves  that  have  fallen  on  the 
ground,  and  most  of  these  will  be  left  if  the  plants  are  simply  pulled 
up.  In  other  words,  the  trash  under  the  plants  should  be  raked 
together  and  burned. 


Fia.  7. — Pickle  Worm  Injury  to  Younn  Squtu<h.    (a),  showlns  practical!  y 


In  field;  (b),  same  specimen  cut  In  halves.   Worms  of  all  age  .,..     , ,     (      r^r^cs\(> 
on  this  specimen.    About  H  natural  size.     (OrlKinal.^itized  by  VJ\^ VJg  IV^ 
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SEASONAL    LIFE    HISTORY    AND    GENERATIONS. 

The  time  of  appearance  of  the  moths  in  the  summer,  from  the 
over-wintered  pupae,  is,  fortunately,  very  late  compared  with  maiij 
insects.  In  1909,  at  Raleigh,  moths  of  the  first  generation  were  dis- 
covered in  the  field  on  August  5,  but  empty  pupae  shells  were  foucd 
on  July  30.  Judging  from  the  condition  of  the  worms  present  at 
that  time  it  seems  that  these  moths  could  not  have  emerged  many 
days  before  the  empty  pupal  shells  were  discovered.  Granting  this 
to  be  true,  the  eggs  for  this  generation  were  laid  about  as  early  as 
July  1,  or  possibly  a  few  days  sooner.  Without  other  records  for 
comparison,  one  would  judge  the  first  generation  to  have  commenced 
about  July.  However,  in  1910,  which  was  considered  a  much  later 
season  than  1909,  live  pupae  were  found  on  squash  plants  near 
Raleigh  on  July  6,  showing  that  the  first  generation  in  1910  cer- 
tainly commenced  rather  early  in  June. 

On  the  following  day,  July  7,  seven  egg  masses  were  discovered 
and  these  hatched  on  July  10  and  11.  Since  frequent  search  for 
eggs  had  been  made  during  the  previous  month,  and  none  discovered, 
it  seems  quite  certain  that  these  may  have  been  laid  by  an  early 
maturing  moth  of  the  first  generation. 

It  appears  certain,  therefore,  that  the  first  generation  in  1909,  the 
progeny  of  moths  emerging  from  over-wintered  pupae,  were  missed 
absolutely  and  the  empty  pupae  shells  found  July  30,  1909,  must 
have  represented  moths  of  the  second  seasonal  generation. 

The  writer  is  confident  that  the  first  generation  at  Baleigh  com- 
mences early  in  June  for  most  seasons.  The  first  generation  must 
of  necessity  be  very  few  in  numbers,  and  easily  overlooked.  The 
manner  of  passing  the  winter  shows  that  only  a  few  pupae  would 
ordinarily  survive  the  plowing  and  preparation  of  the  land  during 
winter  or  spring,  followed  by  more  or  less  cultivation  before  June  1, 
when  the  first  moths  may  appear. 

The  second  generation,  commencing  early  in  July  is  the  one  that 
frequently  does  some  damage  to  cantaloupes  which  are  maturing! 
about  July  15  to  30,  but  when  the  crop  is  gathered  before  July  15. 
as  it  is  in  early  seasons,  and  especially  in  the  cantaloupe  section  of 
Robeson  and  Scotland  counties,  pickle  worms  can  not  become  numer- 
ous enough,  or  large  enough,  to  cause  noticeable  injury.  The  season 
of  1910  was  notoriously  late  and  backward.  Cantaloupe  growers 
in  Robeson  County  who  usually  commence  to  harvest  the  crop  by 
July  4,  did  not  commence  until  after  July  15,  and  growers  in  that 
section  claim  that  they  saw  more  worm  injury  in  1910  than  in  maiiv 
previous  seasons. 

The  third  generation  always  becomes  very  numerous  and  destruc- 
tive. Cantaloupes  that  ripen  after  about  August  1  are  invariably 
greatly  damaged.     In  the  vicinity  of  Raleigh  i^vltl^^his  August 
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injury  amounted  to  almost  total  destruction  in  fields  where  squash 
was  not  present  to  act  as  a  trap  crop. 

A  full  fourth  generation  occurs  in  North  Carolina,  but  after  the 
first  one  the  generations  are  hopelessly  missed  and  over-lapping. 
With  sufficient  food  supply  and  warm  October  weather  a  fifth  gen- 
eration very  probably  occurs.  Around  Raleigh  pickle  worm  moths 
continue  to  emerge  until  the  latter  part  of  October,  but  seldom  later. 

NATURAL    ENEMIES. 

The  pickle  worm  does  not  have  any  important  parasitic  enemies 
in  North  Carolina,  judging  by  the  last  two  seasons  work  by  the 
writer.  Out  of  the  hundreds  of  worms  collected  from  the  field  and 
bred  to  maturity  no  true  parasites  have  been  reared  with  the  ex- 
ception of  Chalets  ovata,  and  only  one  of  these  has  been  secured. 
This  chalcid  fly  was  also  reared  from  a  pickle  worm  pupa,  by  Ash- 
mead,  as  recorded  in  Bureau  of  Entomology  Bui.  14.  No  egg  par- 
asites have  been  secured.  Out  of  several  hundred  eggs  collected  from 
the  field,  only  a  very  few  failed  to  hatch,  and  even  that  small  per 
cent   did  not  appear  to  be  parasitized.     A  bacterial  disease  kills 


Fio.  8.— Predaceoua  Enemy  of  Pickle  Worm,    (a),  view  from  above; 
(b),  from  beneath;  (c),  from  side.   Magnified  2H  times.  (Original.) 

annually  a  small  per  cent  of  the  nearly  mature  worms  in  the  field, 
and  in  breeding  jars  a  still  greater  per  cent  die  from  that  cause. 

Predaceous  insects  kill  a  small  per  cent  of  pickle  worms.  In 
fields  about  Raleigh  the  tiger  beetle,  Calosoma  calidum,  and  several 
ground  beetles,  such  as  the  common  black  form,  Harpalus  caligiruh 
8U8,  as  well  as  bombardier  beetles  of  the  Q^nus  Brachinus,  are  quite 
numerous  and  doubtless  prey  upon  the  pickle  worm.  The  writer 
has  never  seen  any  of  these  predaceous  beetles  actually  killing  the 
pickle  worm,  but  they  are  probably  of  some  value  in  this  respect. 

A  predaceous  larva  of. the  genus  Chauliognathus  M'^been  fou: 
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in  large  numbers  and  has  proved  to  be  an  active  enemy  of  the  pickle 
worm.  The  parent  form  is  known  as  the  Pennsylvania  soldier 
beetle,  which  somewhat  resembles  the  common  firefly.  The  velvety 
dark  brown  or  black  larvae  were  first  observed  in  rather  large  nnmbi  r:^ 


% 


a  b  c 

Fia.— Pupre  and  Adult  of  LarvtC  shown  in  Fig.  8.    (a),  pupa  recently  formed;  (b).  pupa 
darker  colored,  nearly  ready  to  transform  to  adult;   (c).  adult  beetle.    MagnlBed  2^ 
times.    (Original.) 
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1909  and  were  reared  to  maturity  in   1910  and  identified   bv 
Schwartz  as  Chauliognathus  Pennsylvanicus.     (Figs.  8  and  9.) 

In  this  vicinity  this  larva  appears  to  be  the  most  important  pre- 
daceous  enemy  of  the  pickle  worms.  It  is  also  of  great  benefit  to 
the  agriculturist  by  destroying  other  worms. 

PREVENTIVE  AND  REMEDIAL  MEASURES. 

Avoiding  pickle  worm  injury  by  raising  early  .crops  of  canta- 
loupes, cucumbers,  or  other  cucurbits,  is  the  most  profitable  method 
for  the  market  gardner.  Previous  to  July  1,  in  all  except  the  coastal 
section  of  North  Carolina,  the  worms  are  seldom  numerous  enough 
to  cause  noticeable  injury,  but  when  the  han-est  comes  during  July 
and  August  severe  damage  may  be  expected.  After  the  worms  fir^t 
commence  to  feed  on  the  green  or  ripening  fruit, 'the  grower  has  no 
satisfactory  means  of  fighting  this  pest.  No  absolute  remedy  is  avail- 
able. Such  measures  as  collecting  the  worms  by  hand,  bagging  the 
fruit,  or  placing  the  fruit  on  chips  and  shingles  may  be  of  some 
value  in  small  garden  patches,  but  can  not  be  adopted  by  the  com- 
mercial grower.  However,  a  large  proportion  of  the  annual  loss  may 
be  prevented  by  growing  summer  squash  as  a  trap  plant,  by  destroy- 
ing badly  infested  vines  and  fruit,  and  by  general  clean  culture  and 
deep  plowing.  Poison  sprays  are  of  little,  if  any  vali;^,  Mj^inst  the 
pickle  worm.  ^  '^     ^ 
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Squash  as  Trap  Plant,  Pickle  worms  evince  a  decided  preference 
for  the  buds,  blooms  and  fruit  of  summer  squash.  The  egg-laying 
moths  are  evidently  attracted  by  the  large  plants  and  conspicuous 
buds  and  blooms,  which  afford  abundant  food  for  the  worms.  A 
single  squash  bloom  often  furnishes  food  for  two  or  three  large  pickle 
worms  (Fig.  16),  or  a  greater  number  of  small  ones,  while  several 
worms  may  mature  in  a  small  squash.  Their  partiality  to  squash 
blooms  was  demonstrated  in  Georgia  during  1899-1901,  by  Quaintr 
ance,^  whose  field  experiments  proved  that  an  acre  of  cantaloupes 
might  be  almost  completely  protected  by  four  rows  of  summer 
squash.  One  of  his  experiments,  made  in  1901,  was  with  one  acre 
of  cantaloupes,  in  which  squash  seed  were  planted  at  intervals  of 
abi)iit  two  weeks,  so  that  there  was  a  succession  of  blooms  from  early 
in  June,  through  July,  by  which  time  the  cantaloupes  had  about  all 
ripened.  As  the  squash  blooms  became  infested  with  worms,  they 
were  regularly  collected,  and  the  number  of  worms  counted.  The 
record  shows  that  the  number  collected,  commencing  June  19,  and 
ending  July  30,  was  5,519,  or  an  average  of  over  131  worms  each 
day.  On  the  date  of  July  13,  1,289  larvae  were  found  in  the  infested 
buds  and  blooms.  On  the  day  following,  July  14,  a  careful  search 
was  made  for  infested  cantaloupes,  and  only  six  were  found  that 
had  been  bored  into,  out  of  hundreds  then  to  be  seen  in  the  field. 

During  1909-10  the  writer  made  careful  observations  in  many 
cantaloupe  fields  near  Raleigh,  all  of  which  prove  that  wherever 
summer  squash  are  growing  beside  of,  or  among  cantaloupes,  the 
latter  are  protected  from  pickle  worms  to  a  great  extent.  Especially 
in  1910,.  the  value  of  squash  as  a  trap  plant  was  thoroughly  demon- 
strated. A  very  conclusive  test  was  made  at  the  State  Hospital 
Farm,  where  three  or  four  acres  of  cantaloupes  are  regularly  grown. 
In  the  spring  of  1909,  at  the  writer's  suggestion,  a  few  summer 
s<iuash  were  planted  among  the  cantaloupes,  and  resulted  in  a  mate- 
rial reduction  of  pickle  worm  injury,  compared  with  the  1908  crop. 

Only  one  planting  of  squash  seed  was  made,  at  the  same  time  as 
the  cantaloupe  seed,  and  the  squash  plants  were  practically  ruined 
by  the  worms  before  the  middle  of  August,  while  for  three  weeks 
previous  to  that  time,  the  few  squash  plants  did  not  furnish  enough 
attractive  buds  and  blooms  to  protect  the  cantaloupes. 

In  1910,  however,  seven  rows  of  squash  were  planted  the  entire 
length  of  a  rather  long  three  acre  field  of  cantaloupes.  It  was  in- 
tended that  the  squash  seed  should  be  planted  two  weeks  later  than 
the  cantaloupes,  to  provide  abundant  bloom  during  the  latter  part 
of  June,  but  owing  to  the  unfavorable  season,  the  seed  had  to  be 
replanted  two  and  three  times,  and  it  was  July  1,  before  many  squash 
plants  commenced  to  bloom.  On  July  7,  the  first  infected  bloom, 
containing  ten  very  young  worms,  was  discovered.    No  worms  cmjld 

>Gifc.  Sta..  Buls.  46  and  54. 
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then  be  found  on  the  cantaloupes.     The  next  careful  examinat: 
made  July  15,  showed  that  the  squash  buds  and  blooms  were  '- 
coming  considerably  infested.     Three  hills  of  squash  (each  coii. : 
ing  two  plants)  were  selected,  at  random,  and  carefully  examii 
with  the  following  result: 

On  first  hiirfound  29  larvae  of  various  ages. 
On  second  hill  found  24  larvae  of  various  ages. 
On     third  hill  found     9  larvae  of  various  ages. 

Total  for  3  hills  62  larvae  of  various  ages. 

Five  egg  masses  were  also  taken  from  these  three  plants. 

In  the  entire  seven  rows  of  squash,  there  were,  in  round  nnrnS 
400  hills,  all  infested  to  about  an  equal  extent.     By  allowing :  * 
only  twenty  larvae  for  each  hill,  it  appears  that  the  field  contain- 
on  July  16,  about  8,000  pickle  worms  of  all  ages. 

The  cantaloupes  were  also  carefully  examined  on  July  15,  w 
the  result  that  not  one  was  found  that  had  been  eaten  into,  and 
larvae  or  eggs  were  discovered  on  the  buds  or  blooms. 

This  field  was  again  visited  and  a  record  made  on  July  27,  wl  ' 
it  was  evident  even  from  a  casual  examination,  that  the  squ^^ 
plants  were  becoming  badly  infested  with  pickle  worms.  Th:* 
hills  were  again  selected  at  random,  and  examined  with  the  follow: .: 
result: 

On  first  hill  found  58  larvae  of  various  ages,  and  8  p^i] » 
On  second  hill  found  92  larvae  of  various  ages,  and  6  pnjv 
On   third   hill   found     28  larvae  of  various  ages,  and    2  pu;. 

Total  for  3  hills  178  larvae  of  various  ages,  and  16  pu[  * 

Egg  masses  representing  over  30  eggs  were  also  found  on  the  th*^ 
hills. 

These  three  hills  represented  the  average  conditicwi  of  the  entire 
400  squash  hills.  Counting  both  larvae  and  pupae,  the  average  nnn- 
ber  on  this  date  for  each  hill  was  practically  65,  or  the  enoriDOi? 
number  of  26,000  for  the  entire  field. 

A  thorough  search  over  the  cantaloupes,  especially  in  row?  s 
joining  the  squash  plants,  revealed  only  one  in  which  a  hole  had  1^^- 
bored.  Doubtless  some  small  larvae  were  overlooked,  but  there  w^** 
no  apparent  injury.  Cantaloupes  in  this  field  were  just  commencir.: 
to  ripen,  while  in  early  seasons,  the  crop  would  have  been  Ut?'^ 
harvested. 

The  above  record  demonstrates  the  possibilities  of  summer  squa*. 
as  a  trap  plant,  and  also  shows  that  such  plants  should  be  sjstenia'" 
cally  searched,  and  infested  buds  and  blooms  destroyed^,  if  the  pic»J^ 
worms   are   to  be   prevented   from  increa^ing^.^ MTne  crebrd  re&i} 
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speaks  for  itself.  In  this  instance  nothing  was  done  to  destroy  the 
worms.  The  writer  had  permission  to  enter  and  examine  the  field 
at  all  times,  but  his  suggestion  that  the  infested  squash  plants  be 
entirely  removed  and  destroyed,  was  not  followed. 

On  August  1,  about  two  per  cent  of  the  cantaloupes  in  this  field 
were  infested  with  pickle  worms,  and  from  that  date  the  injury 
gradually  increased,  until  on  August  12,  the  damage  amounted  to 
fully  ten  per  cent. 

On  the  same  date  a  cantaloupe  field  near  Method,  about  two  miles 
from  the  State  Hospital  farm,  was  practically  ruined  and  presented 
a  pitiful  spectacle  of  maturing  cantaloupes  utterly  worthless.  This 
field  had  no  squash  plants  near  by.  A  similar  situation  was  ob- 
served in  a  field  at  Garner,  five  miles  from  Raleigh,  and  numerous 
other  observations  might  be  recorded,  if  necessary. 

Successive  planting  of  squash  seed,  about  every  two  weeks,  in 
order  to  provide  plants  with  abundant  buds  and  bloom  during  July 
and  August,  would  doubtless  enable  one  to  raise  cantaloupes  for 
August  consumption,  provided  the  infested  squash  buds  and  blooms, 
and  infested  squash  also,  were  collected  and  destroyed  during  July. 
It  is  the  moths  maturing  after  about  July  15th  that  are  responsible 
for  the  destructive  July  and  August  generations. 

Concerning  the  practicability  of  growing  summer  squash  with 
cantaloupes,  without  injuring  the  quality  of  the  latter,  there  seems 
to  be  no  question.  Some  cross-fertilization  doubtless  occurs,  and 
the  seed  from  a  crop  grown  in  this  manner  should  not  be  used  for 
planting.  For  seed  purposes  cantaloupes  should  be  grown  where 
they  are  not  liable  to  cross  with  any  other  cucurbits. 

The  labor  required  to  collect  infested  squash  blooms  is  an  im- 
portant item,  but  in  actual  practice  it  could  be  largely  avoided,  while 
still  securing  the  desired  result,  by  successive  plantings,  and  total 
destruction  of  infested  squash  plants  before  many  worms  reached 
maturity  in  the  blooms  or  fruit. 

Destroying  Infested  Plants  After  Harvest — Complete  removal 
amd  destruction  of  all  infested  plants  and  worthless  fruit  imme- 
diately after  the  crop  is  gathered,  will  serve  to  destroy  many  hun- 
dreds of  pickle  worms  in  all  stages  of  development,  and  thus  pre- 
vent, or  lessen,  the  natural  increase.  Such  work  does  not  help  the 
current  crop,  but  will  lessen  the  numbers  for  the  following  season. 
Plants  may  be  destroyed  by  feeding  to  hogs,  or  by  burning,  or  by 
means  of  a  compost  heap. 

The  compost  heap  furnishes  a  valuable  method  of  disposing  of 
remnants  of  garden  crops,  as  it  produces  a  manure  that  most  soils 
require.  As  a  means  for  destroying  insects  like  squash  vine  borers, 
melon  worms,  pickle  worms,  and  others,  the  compost  heap  may  prove 
as  effective  as  fire  if  the  infested  material  is  packed  down  and  cov- 
ered with  earth,  or  decomposed  compost,  in  order  that  the  heat  gener- 
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ated  by  the  rotting  organic  material  in  the  pile  may  destroy  the 
larvae  and  pupse  or  imprison. the  adults  which  sometimes  emerge 
from  their  cocoons  a  few  days  after  the  material  is  piled.  Many 
moths  may  mature  and  escape  from  cucurbit  plants  which  are  gath- 
ered and  dumped  loosely  in  a  pile.  Burning  would  be  better,  nnless 
the  material  is  worked  into  compost  as  suggested.  Diseased  vines 
should  always  be  burned,  regardless  of  the  waste  in  fertilizing 
material. 

Deep  Plowing  and  Rotation. — Turning  the  land  by  deep  plowing 
immediately  after  a  crop  is  gathered,  or  else  in  the  early  fall,  or 
even  during  winter  or  spring,  will  serve  to  bury  the  pickle  worm 
pupae,  and  imprison  most  of  the  emerging  moths.  Early  fall  plow 
ing  is  of  most  value,  for  it  prevents  the  late  generations,  or  at  least 
greatly  lessens  their  numbers. 

Eotation  is  of  some  value,  but  by  no  means  a  certain  preventive 
measure.  It  is  not  advisable  to  plant  cucurbits  on  land  that  has 
borne  infested  crops  the  previous  season,  although  pickle  worm  moths 
fly  for  considerable  distances. 

Poison  Applications. — Poisons  are  mentioned  last,  because,  in  the 
writer's  opinion,  they  are  of  little  value  against  pickle  worms. 
Poison  dusts  or  sprays  applied  liberally  to  trap  plants,  or  even  to  the 
main  crop,  may  serve  to  destroy  a  few  young  larvae  that  feed  on  the 
leaf  buds  or  unopened  blooms,  especially  when  plants  are  badly  in- 
fested, but  the  practice  can  not  be  recommended,  except  when  the 
true  melon  worms  are  present.  The  latter  may  be  poisoned  more 
easily  because  of  their  habit  of  feeding  freely  on  the  foliage,  as 
explained  in  the  following  pages. 

MELON   WORM. 

Diaphania  hyaiinata,     Linn. 

REASON   FOR  COMMON   NAME. 

This  insect  is  commonly  termed  the  melon  worm,  although  it  has 
been  referred  to  by  different  writers  as  the  melon  caterpillar,  eucui«- 
ber  borer,  squash  borer,  and  even  the  pickle  worm,  which  is  now 
generally  accepted  as  the  common  name  for  Diaphania  niiidalus. 
The  name,  borer,  in  connection  with  this  worm,  is  not  exactly  proper, 
since  the  worms  frequently  feed  entirely  on  the  foliage.  At  any 
rate,  it  seems  best  to  retain  the  above  common  name,  because  by  that 
term  it  is  known  by  most  farmers.  Striped  melon  worm  would  be 
a  very  descriptive  term  to  distinguish  it  from  the  prominently 
spotted  pickle  worm. 

FOOD  PLANTS  AND  FEEDING  HABITS. 

Plants  belonging  to  the  cucurbit aceous  family  represent  the  food 
of  melon  worms  so  far  as  the  writer  can  ascertain.     Squash,  cymlin, 
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cashaw  or  summer  crook-necks  seem  to  be  the  favorite  food,  but 
cucumbers,  cantaloupes  or  muskmelons,  gourds,  pumpkins  and  water- 
melons may  be  attacked  by  them.  The  writer  has  never  seen  these 
worms  in  watermelon  vines  or  on  the  fruit,  but  there  are  one  or  two 
records  of  such  injury.  Around  Raleigh  the  principal  injury 
occurs  on  summer  squash,  but  in  their  absence  cantaloupes  and  cu- 
cumbers are  the  favorite  food  plants. 

Observations  made  during  the  past  two  seasons,  principally  around 
Raleigh,  indicate  conclusively  that  melon  worms,  until  they  become 
numerous,  feed  mainly  on  the  foliage  of  summer  squash,  if  available. 
When  feeding  on  cantaloupes  and  cucumbers  the  fruit  may  be  at- 
tacked to  a  serious  extent,  probably  because  the  foliage  of  these 
plants  is  not  as  acceptable  as  that  of  summer  squash.  In  States 
southward,  where  melon  worms  sometimes  become  numerous  during 
July,  which  they  do  not  around  Raleigh,  injury  to  the  fruit  of 
squash,  cantaloupes  and  cucumbers  is  very  serious,  even  though  the 
first  generation  at  least  prefer  to  remain  on  the  foliage. 


Fio.  10.— Squash  FoUai^  Badly  Eaten  by  Melon   Worms  Which   Feed  From  the  Under 
Surface  of  Leaves.    Photograph  taken  In  field.     (Original.) 


Larv83  only  a  few  days  old  are  generally  found  feeding  in  the 
opening  bud  clusters,  or  on  the  tender  young  leaves.  While  feeding 
they  are  usually  slightly  protected  by  a  thin,  thready  web.  As  the 
worms  become  larger,  this  web  is  often  quite  noticeable  on  the  under 
side  of  the  leaves,  and  serves  as  a  retreat  for  the  worms  when  not 
feeding.  Evidently  most  of  the  active  feeding  occurs  at  night,  or 
at  least  after  the  hot  portion  of  the  day.  Many  worms  attain  full 
growth  on  the  foliage,  and,  when  numerous,  cause  severe  defoliation^ 
as  shown  in  Fig.  10.  ^  ^^    ^  ^ 
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Actual  injury  to  summer  squash,  cantaloupes  and  cucumbera  is 
usually  caused  by  the  half -grown  or  nearly  mature  worms.  Yonnger 
worms  may  excavate  shallow  cavities  in  the  rind,  or  penetrate  suffi- 
ciently to  cause  the  fruit  to  decay.  The  older  worms,  usually  bore 
directly  through  the  rind,  while  in  cantaloupes  that  are  ripening  a 
single  worm  may  make  several  entrance  holes. 

Melon  worms  differ  from  pickle  worms  in  seldom,  if  ever,  going 
into  the  leaf  stems  or  stalk  to  feed,  and  as  a  general  rule,  in  the 
vicinity  of  Raleigh  they  will  nearly  defoliate  the  food  plants  before 
causing  much  damage  to  the  fruit.  Reports  from  the  more  Southern 
States  indicate  that  the  melon  worms  feed  to  a  greater  extent  in  the 
ripening  fruit ;  but  that  habit  is  doubtless  due  to  their  greater  num- 
bers* in  those  States. 

HISTORY  AND  DISTRIBUTION. 

The  melon  worm  was  first  described  under  the  name  Phaloma 
hyalinaia  by  Linnaeus  in  1767,  but  writers  since  that  date  have  used 
the  names,  Pyralis  hyalinaia,  PhaJcellura  hyaiinatalis,  Eudioptis  hya- 
linaia, Margaronia  hyalinaia  and  Diaphania  hyalinaia.  Most  recent 
writers  have  placed  it  in  the  Genus  Margaronia,  but  in  Holland's 
Moth  Book  it  is  referred  to  as  Olyphodes  hyalinata,  with  synonyms, 
marginalis,  StoU,  lucemalis,  Hubner,  and  hyaiinatalis,  Guen6e.  It 
is  to  be  hoped  that  Diaphania  hyalinaia  will  henceforth  be  the 
accepted  scientific  name. 

The  earliest  mention  and  description  of  the  melon  worm  moth  was 
made  by  Linnaeus-  in  1767.  Fabricius  listed  it  in  1794,  giving  it* 
habitat  as  America  and  Asia.  Poey,  in  1832,  published  an  article 
with  a  colored  figure  of  the  larva  and  pupa.  In  1854,  Guenee  gave 
a  very  good  description  of  the  moth,  and  its  distribution,  together 
with  food  plants  of  the  larvae.  Since  1875,  when  this  insect  was 
mentioned  by  Dodge  as  destructive  to  cucumbers  in  Florida,  it  has 
received  frequent  mention  by  various  writers.  During  1878-1879 
the  melon  worm  was  a  very  serious  pest  in  G^rgia  and  furnished  a 
topic  for  considerable  discussion  at  the  Fifth  Meeting  of  the  Geoi^a 
State  Horticultural  Society,  held  in  Atlanta  in  1880.  During  that 
year  it  was  determined  that  the  melon  worms  did  not  seriously  injure 
cantaloupes  until  August,  while  the  pickle  worm  was  destructive  in 
July,  a  condition  that  is  generally  true  at  the  present  time.  Lintner, 
in  the  11th  Report  of  Insects  of  New  York,  1895,  gave  a  good  gen- 
eral account  of  the  melon  worm,  together  with  the  bibliography  to 
that  date.  Since  then  it  has  received  prominent  mention  at  the 
hands  of  Chittenden,  Quaintance,  Garman  and  others,  sufficient  to 
make  it  rank  as  a  very  important  insect  pest. 

The  known  distribution  of  the  melon  worm  includes  Brazil,  Hayti, 
Colombia,  French  Guiana,  West  Indies  and  Canada.  Chittenden 
thinks  melon  worm  to  b6  of  South  American  origin.^y^^^^y^^ 
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In  the  United  States,  it  is  more  or  less  abundant  and  destructive 
ill  all  the  Atlantic  and  Gulf  States  from  the  District  of  Columbia, 
southward  and  westward  to  Texas,  inclusive.  It  is  known  also  in 
Illinois,  Kansas,  Ohio,  Michigan,  New  York,  New  Jersey,  Penn- 
sylvania, Maryland,  Delaware,  and  doubtless  occurs  in  many  other  of 
the  Northern  and  Western  States.  Only  in  the  Southern  States, 
however,  is  this  species  counted  as  a  destructive  pest.  In  North 
Carolina  it  does  not  compare  in  extent  of  injury  with  the  pickle 
worm.  In  the  opinion  of  the  writer,  this  State  represents  about  its 
northern  range  as  a  very  destructive  insect. 

DESCRIPTIONS. 

Eggs.     (Fig.  11.) 

Individual  eggs  are  flattened,  more  or  less  oval,  iridescent  pearly  white  in 
color  when  first  deposited,  very  thin  shelled  so  that  they  assume  various  shapes, 
and  are  laid  in  masses  of  from  two  to  five  or  six.  Only  occasionally  are  eggs 
deposited  singly.  The  surface  of  the  shell  is  faintly  marked  with  raised,  irregu- 
lar, four,  five  and  six-sided  areas.  In  every  respect  they  resemble  the  eggs  of 
IMaphania  nitidalia.    When  about  one  day  old  the  eggs  commence  to  assume  a 


Fia.  11.— Two  Egg  Maaaos  of  Melon  Worm  on  under  surface  of 
leaf.    Magnified  5  times.    (Original  ) 

yellowish  tinge,  which  becomes  more  noticeable  as  the  larva  within  develops. 
Before  hatching,  the  outline  of  the  larva  with  its  light  brown  mandibles,  can  be 
seen  through  the  nearly  transparent  shell.  At  this  stage  one  might  possibly  dis- 
tinguish eggs  of  D.  hyalinata  from  D.  nitidaliSf  because  the  head  of  the  latter  is 
darker  and  appears  more  distinct  through  the  shell.  A  single  egg  measures 
about  0.7  mm.  in  length  and  0.6  mm.  wide,  but  is  variable,  depending  on  Vhere 
and  how  it  is  placed. 

Larvw. 

First  Stage.— Length  when  first  hatched,  0.8  to  1.0  mm.;   width  of  head  0.22 

mm.     Body,  light  straw  color;  sets,  very  fine  and  nearly  colorless,  arising  from 

tubercles  arranged  as  in  first  stage  of  D.  nitidalis   (page  109)  ;  tubercles  barely 

discernible;  head  light  brown,  with  mandibles  darker  and  t<^i^4f*^^O^f€'^" 
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ish;  prothoracic  shield  not  prominent,  lighter  than  head.  Thoracic  legs  well 
developed.  Prolegs  well  developed  and  normal,  ending  in  circlet  of  many  incurrtTi 
hooks  (numbering  nearly  forty  in  second  stage).  In  this  first  stage  the  two 
white  stripes,  characteristic  of  the  melon  worms,  are  not  discernible.  The  boii} 
tapers  noticeably  from  the  head  posteriorily  in  very  young  larve.  Length  of 
the  worm  is  nearly  doubled  before  first  molt. 

Second  Stage. — Length  about  2.6  mm.,  variable.  Head  about  0.37  mm.  wiif. 
light  brown.  Ocilla,  blackish;  mandibles  dark  brown.  General  color  of  boiy 
yellowish,  with  rather  transparent  skin,  through  which  may  be  seen  the  pul>a 
tions  of  dorsal  blood  vessel.  Color  greenish  yellow  after  feeding.  Two  s'jI 
dorsal  white  stripes,  extending  entire  length  of  body,  show  faintly  just  after 
first  molt,  and  become  prominent  before  second  molt.  Body  tapers  slightiv 
caudad.  Thoracic  legs  normal,  well  developed.  Setae  of  varying  lengths  ari-inj 
from  distinct  conical  areas,  that  are  smooth  and  shiny,  but  not  conspicuoos  i<» 
naked  eye.     Setae  very  slender,  colorless. 


'y^- 


Fig.  12.— Melon  Worms  Photographed  Alive  on  Piece  of  rimblln.     Specimens 
practically  full  Rrown.     Magnified  2H  tlmea.     (Oilglnal.) 


On  the  third  abdominal  sop^ment  the  arrangement  of  tubercles  and  set«  in  thi* 
and  succeeding  larval  staples  is  as  follows:  Tubercle  I,  on  inner  edge  of  each  sub- 
dorsal white  stripe,  bearing  one  long  seta;  Tubercle  II,  raudad  of  I,  in  center  of 
each  white  stripe,  bears  one  6eta  one-half  as  long  as  seta  of  Tubercle  I  and  III- 
Tubercle  III,  in  direct  line  with  Tubercle  I  and  spiracle,  and  situated  one 
fourth  of  the  distance  from  latter,  bears  one  long  seta,  about  same  length  as 
seta  of  Tubercle  I.  Tubercles  IV  and  V  very  close  together,  apparently  forming 
one  conical  area,  but  showing  distinct  tubercle  for  each  short  seta;  approxi- 
mately in  line  with  Tubercles  I,  III  and  spiracle.     Set«  short,  but  slightly  longer 
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than  seta  of  Tubercle  II.  Tubercle  VI,  posterior-ventrad  of  IV  and  V,  situated 
just  above  base  of  proleg;  bears  one  seta,  rather  long,  but  shorter  than  seta  of 
Tubercle  I.  Tubercle  VII,  on  outer  base  of  proleg,  bears  three  set«  arising  dose 
together,  one  of  which  is  much  longer  than  the  other  two.  Tubercle  VIII,  on 
inner  base  of  proleg,  bears  one  short  seta.  This  arrangement  of  tubercles  is 
the  same  on  the  third,  fourth,  fifth  and  sixth  abdominal  segments.  On  segment 
eight,  the  sets  of  Tubercle  VII  are  more  separated  and  Tubercle  VIII  is  absent. 
On  segment  nine  there  are  only  two  setse  on  Tubercle  VII. 

Before  second  molt  the  body  increases  in  size  to  a  width  greater  than  the  head, 
which  then  appears  small. 

Third  Stage. — ^Length  about  4.5  mm.,  variable.  Head  about  .64  mm.  wide; 
color,  light  brown.  Ocilla,  blackish,  mandibles  brownish.  General  color  of 
body  greenish-yellow  after  feeding.  Two  subdorsal  white  stripes  very  prominent. 
Sets  fine  and  not  easily  seen.  During  the  third  and  fourth  and  part  of  the  fifth 
stage  the  white  stripes  make  this  worm  noticeable,  and  easily  distinguished  from 
D.  nitidalia,  on  which  the  transverse  rows  of  blackish  corneous  areas  are  very 
prominent  until  after  the  fourth  molt.  Growth  is  rapid  in  this  stage,  so  that 
just  before  third  molt  the  head  appears  very  narrow. 

Fourth  Stage. — Length  about  10  mm.,  variable.  Head  about  1.04  mm.  wide; 
color,  light  brown.  Prothoracic  shield  light  brown,  not  prominent.  Ocilla, 
blackish.  Body  yellowish,  with  skin  almost  transparent,  so  that  the  character 
of  the  food  taken  influences  its  general  color.  Growth  rapid.  Conical  tubercle 
areas  smooth;  shiny  light  green  in  color,  but  not  conspicuous.  Setse  as  in  sec- 
ond stage. 

Fifth  Stage. —  (Soon  after  fourth  molt.)  Length  about  16  mm.,  but  capable  of 
much  extension  or  contraction.  Head  averages  1.63  mm.  wide.  Color  of  head 
light  brown,  mandibles  darker  brown,  ocilla  blackish.  General  body  color  yel- 
lowish prior  to  feeding,  and  two  subdorsal  white  stripes  still  prominent.  The 
larve  now  appears  slender,  but  increase  rapidly  in  length  and  thickness  until, 
when  full  grown,  some  measure  one  and  one-fourth  inches  when  crawling  about. 
Usual  color  is  a  mottled  greenish-yellow.  Edges  of  the  white  stripes  rather 
irregular.  Within  from  two  to  fi\e  days  after  fourth  molt  the  white  stripes 
commence  to  grow  fainter  and  usually  disappear  about  the  time  when  the  larvse 
cease  to  feed.  In  some  specimens  these  stripes  almost  completely  disappear  two 
days  after  fourth  molt,  while  with  others  they  persist  until  six  or  seven  days 
after  fourth  molt,  or  just  prior  to  pupation. 

Full  Orown  Larvce. 

The  length  of  full  grown  melon  worms  varies  from  three-fourths 
to  one  and  one-fourth,  inches,  this  measurement  depending  largely 
on  whether  the  larvsB  are  contracted,  as  when  disturbed,  or  extended 
when  crawling  about  The  general  greenish-yellow  color  of  the  body 
is  retained  while  the  larvae  are  feeding.  They  never  assume  the  cop- 
pery color,  characteristic  of  most  of  the  full  grown  pickle  worms.  If 
taken  just  prior  to  pupation  the  melon  worms  are  readily  distin- 
guished from  pickle  worms,  by  having  a  much  lighter  brown  head, 
longer  and  more  slender  setae,  rather  more  slender  body,  and  no  sign 
of  coppery  color  above.  Shortly  before  transforming  to  the  pupal 
stage,  melon  worms  contract  to  about  five-eighths  of  an  inch  in  length 
and  change  to  a  light  yellow  or  straw  color. 

Cocoons,     (Fig.  13.) 

The  cocoon  is  formed  by  the  grown  larva  spinning  a  scanty  lining 
of  whitish  silken  threads,  usually  in  the  folded  Qiitii^Uy^€4ggi^ 
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Fig.  13.— Melon  Worm  Pupa  in  Web  or  Cocoon.    Pupa  in  upper  cut,  entirely 
exposed;  lower  one,  nearly  natural  appearance.  Magnified  2H  times. 
(Original). 
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me   leaf.     In  the  laboratory,  in  glass  vials,  the  larvsB  spin  a  net 
ork  of  silken  threads  in  which  they  are  suspended.     In  this  meagre 
^'^otection  the  pupal  stage  is  passed. 

Pupce.  (Figs.  13  and  14.) 
i  Average  length  about  five-eighths  of  an  inch.  Color  very  soon 
I  fter  pupation  is  very  light  brown  with  head  and  posterior  end 
larker.  Leg  shields  separate,  extending  to  ninth  segment.  Head 
•ather  acutely  pointed,  somewhat  flattened,  dorso-ventrally.  Caudal 
3nd  acute  and  bearing  a  group  of  a  few  stiflF  spines  with  strongly 
-^urved  tips,  which  serve  to  secure  the  pupa  in  its  web  or  cocoon. 


Fio.  14.— Melon   Worms  and  Pupre.      (a),  larva,  fifth  stage,  still  showing  white  strii)e8; 

(b).  larva,  fifth  stage,  after  losing  stripes;    (c),  pupa  just  formed;  (d),  pupa,  natural^color. 

Magnified  about  2H  times.    (Original.) 

General  color  of  pupa  changes  to  brown  after  a  few  hours,  and  when 
not  well  protected  from  the  light  they  become  very  dark  brown,  some- 
times almost  black.  Leg  shields  usually  remain  light-brown. 
Spiracles  show  prominently  before  the  pupa  becomes  dark  colored. 
Comparing  melon  worm  pupse  with  those  of  the  pickle  worm,  the 
former  have  a  longer  and  more  flattened  head,  and  longer  leg  shields. 
They  also  present  a  rather  more  slender  appearance,  but  on  the  whole 
the  two  species  are  very  similar. 

Adult  Moths.   (Fig.  15.) 

The  moths  into  which  melon  worms  develop  present  a  striking 
appearance.  Width  of  the  expanded  front  wings  of  large  individuals' 
is  nearly  one  and  one-fourth  inches,  while  small  ones  measure  less 

3 


134 


N.    C.    AQRICULTUBAL    EXPERIMENT    STATION. 


than  one  inch  across;  length  from  tip  of  head  to  tip  of  prominent 
brush  terminating  the  abdomen  is  about  nine-sixteenths  of  an  incli. 
The  front  wings  are  of  a  pearly,  opaque  whiteness,  with  a  peculiar 
iridescence,  and  have  a  broad  costal  band,  and  border  equally  wide, 
of  a  shining  iridescent  brown ;  the  hind  wings  are  of  the  same  color 
with  a  brown  border,  diminishing  toward  the  anal  angle,  which  it 
does  not  reach.  The  anterior  half  of  the  thorax  above  has  the  same 
shining  brown  color  as  the  wing  border,  while  the  posterior  portion 


Fio.  15.— Melon  Worm  Moth.    Magnified  2J.^'times.     (Original.) 

of  the  thorax  and  the  abdomen  above  is  pearly  white,  except  a  shinini^ 
brown  dorsal  spot  on  the  last  segment.  From  beneath,  the  general 
color  of  body,  legs  and  wings  except  the  border,  is  silvery  white. 

The  conspicuous  anal  brush  is  formed  of  shining,  elongated  flat- 
tened scales,  which  have  the  basal  half  of  a  yellowish  color,  and  the 
tips  showing  a  mixture  of  white,  brown  or  nearly  black.  This  brush 
can  be  partly  withdrawn,  or  quickly  expanded  to  twice  the  width  of 
the  abdomen.  The  moths  usually  wave  the  expanded  anal  brush  up 
and  down  and  sideways,  holding  the  abdomen  turned  slightly  upward. 


EGG    LAYING    AND   HATCHING   OF   EGGS. 

Eggs  are  laid  rather  promiscuously  on  the  terminal  bud  clusters, 
stems,  tender  leaves,  or  sometimes  on  the  main  stalk  of  summer 
squash  and  cantaloupe.  They  have  apparently  never  been  found  on 
the  fruit.  From  two  to  six  eggs  are  laid  in  masses  of  irregular 
shape,  somt  times  on  the  large  plant  hairs,  but  more  commonly  flat 
on  the  surface  of  the  bud  or  leaf.     When  on  the  latter  they  are 
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found  underneath.  An  attempt  was  made  in  1909  to  determine  the 
manner  and  time  of  egg  laying  by  confining  moths  in  a  large  wire 
screen  cage,  but  nothing  definite  was  learned  by  this  attempt  The 
€ggs  are  undoubtedly  deposited  at  night,  although  the  moths  fre- 
quently fly  about  during  the  day. 

Eggs  hatch  in  warm  summer  weather  in  from  three  and  one-half 
to  four  days.  A  few  hours  before  hatching  the  larva  may  be  quite 
plainly  distinguished  through  the  thin  shell  and  the  brown  mandibles 


Fio.  16.— Showing  How  Pickle  Worma  Occur  In  Squash  Bloom. 
Natural  Sixe.    (Original.) 

may  be  seen  opening  and  closing  in  an  attempt  to  cut  an  opening 
large  enough  to  allow  the  larva  to  emerge.  When  this  opening  is 
eflfected  the  larva  may  crawl  out  within  a  few  minutes,  or  a  much 
longer  time,  sometimes  nearly  an  hour. 

LARVAL    DEVELOPMENT    AND    HABITS. 

LarvfiB  commence  to  feed  soon  after  emerging  from  the  egg.  Some 
feed,  until  nearly  or  quite  fully  grown,  entirely  on  the  under  surface 
of  the  leaves,  or  between  the  opening  buds  and  tender  leaflets,  while 
others  bore  into  the  buds  after  feeding  for  a  day  or  two^Ebifee^lll^id 
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Very  few  larv»  reach  the  fruit  until  they  have  attained,  or  passed, 
the  third  larval  stage.  Judging  from  the  habits  of  the  larvae  ob- 
served on  summer  squash  around  Baleigh,  they  prefer  to  feed  entirely 
on  the  green  foliage,  but  when  tender  leaves  are  not  available,  they 
go  to  the  fruit,  where  shallow  cavities  may  be  eaten  in  the  rind,  or 
holes  bored  directly  toward  the  interior  of  the  fruit,  where  the 
worms  feed  until  grown. 

When  feeding  on  the  foliage  or  buds  they  nearly  always  spin  a 
thin  silken  web  to  serve  as  a  retreat,  into  which  they  back  when  dis- 
turbed. The  movements  of  the  larvae  of  all  sizes  are  very  rapid. 
When  disturbed  they  move  quickly  backward  or  forward,  and  often 
wriggle  about  and  drop  from  their  feeding  place.  The  natural  posi- 
tion of  a  fully  grown  larva,  in  the  attitude  of  walking,  is  well  illus- 
trated in  Fig.  12. 

When  ready  to  spin  their  cocoons  (Fig.  13),  melon  worms  seek 
some  place  between  two  leaves  or  else  fold  over  or  roll  up  a  portion 
of  the  edge  of  a  leaf  for  protection.  Several  hours  are  spent  in 
lining  this  retreat,  which  represents  the  cocoon,  after  which  they 
take  from  one  to  two  days  to  transform  to  the  pupal  stage. 

The  average  length  of  the  larval  stage  is  recorded  in  the  following 
table,  showing  the  development  of  sixteen  specimens,  out  of  over 
sixty  that  were  fed  and  watched  from  the  day  of  hatching  until  the 
adult  moth  appeared.  Nearly  all  the  eggs  hatched  and  the  worms 
molted  at  night,  hence  the  dates  recorded  usually  refer  to  the  pre- 
vious night. 
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From  the  foregoing  table  the  length  of  the  larval  stage  is  seen  to 
vary  from  thirteen  to  sixteen  days,  while  the  average  of  the  sixteen 
records  is  fourteen  and  five-eighths  days.  It  is  probable  that  a  simi- 
lar record  kept  one  month  earlier,  provided  specimens  could  have 
been  obtained,  would  have  given  a  slightly  lower  average.  The 
weather  for  1909,  during  the  latter  part  of  August  and  September, 
was  a  little  cooler  than  during  the  month  of  July. 

PUPAE  AND  DURATION  OF  PUPAL  STAGE. 

The  pupsB,  as  already  stated,  are  usually  formed  in  a  rolled  por- 
tion of  a  leaf,  or  between  two  leaves  of  the  plant,  on  which  the  larva 
feed.  On  growing  squash  plants,  with,  abundant  foliage,  pup»  are 
commonly  formed  in  the  folded  edge  of  a  green  leaf  some  distance 
above  the  ground,  but  in  old  plants  the  pupae  are  usually  in  a  leaf  or 
some  vegetation  underneath  or  close  by  the  food  plant.  As  a  gen- 
eral rule  the  worms  do  not  crawl  far  in  search  for  a  suitable  place 
to  pupate,  although  a  few  specimens  have  been  taken  from  grass  and 
weeds  several  feet  from  squash  or  cantaloupes.  The  fact  that  the 
worms  do  not  wander  far  from  their  food  plants  is  advantageous  to 
the  grower  who  may  seek  to  destroy  the  worms  and  pupse  by  burning 
the  old  worthless  plants  after  the  crop  is  harvested. 

Concerning  the  duration  of  the  pupal  stage,  the  table  on  page  137 
shows  the  average  period  between  August  31  and  September  18,  for 
sixteen  specimens,  to  be  almost  ten  days.  This  is,  however,  a  longer 
average  period  than  that  recorded  for  thirty-five  pupsB  obtained  be- 
tween August  8  and  18,  1909.  From  that  number  one  moth  ap- 
peared in  seven  days,  thirteen  moths  on  the  eighth  day,  two  moths 
on  the  tenth  day,  and  nineteen  required  only  nine  days.  The  ave^ 
age  pupal  stage  for  these  thirty-five  pupsB  was  practically  eight  and 
two-thirds  days,  or  more  than  one  day  less  than  the  time  shown  in 
table  on  page  137.  From  all  records  secured  the  duration  of  the 
pupal  stage  for  D.  hyalinata  is  just  about  nine  days. 

i 
LENGTH  OF  LIFE  CYCLE. 

From  the  forgoing  records  of  the  duration  of  egg,  larva  and  pupa 
stages,  the  entire  life  cycle  for  a  single  generation  in  normal  sum- 
mer weather,  is  seen  to  be  quite  constant,  but  with  possible  varia- 
tions as  given  in  the  following  table: 
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SHOWING  POSSIBLE  VARIATION  IN  LIFE  CYCLE  OF  MELON  WORM. 


Minimum  Ufe  Cycle,  Maximum  Life  Cycle. 


No.  Days.  No.  Days. 

I^RS  >ta<e - -  4  Egg  stage 4 

Larvalstage 13  Larval  stage 15 

Pupalstage 7  Pupal  stage 11 


Total 24  Total 31 


The  average  life  cycle  proves  to  be  twenty-seven  and  one-half  days 
during  August  and  September  weather,  and  this  length  of  time  will 
not  vary  much  for  any  generation  except  the  last.  By  adding  to  the 
above  number  of  days  about  one  week  for  the  moths  to  mate  and 
commence  egg  deposition,  the  generations  may  follow  each  other 
every  thirty-three  or  thirty-four  days,  until  scarcity  of  food  or  cold 
weather  retards  the  development. 

HOW  THE  WINTER  IS   PASSED. 

The  winter  is  passed  in  the  pupal  stage,  under  conditions  already 
described.  That  is,  pupae  that  pass  the  winter  are  not  any  better  pro- 
tected than  those  from  which  moths  emerge  during  the  summer  and 
fall.  Evidently  the  pupae  are  always,  normally,  in  a  fold  of  a  leaf 
of  the  original  food  plant,  or  sometimes  in  grass  blades  pr  weeds, 
within  a  short  distance  of  where  the  worms  were  feeding.  Judging 
from  numerous  observations  made  in  1909  and  1910,  pupie  that  are 
formed  after  about  the  middle  of  October  may  live  through  the  win- 
ter, while  some  pup©  formed  as  early  as  October  1,  do  likewise, 
although  moths  are  occasionally  seen  here  after  the  middle  of  October. 
Some  writers  have  suggested  that  the  moths  emerging  very  late  in  the 
fall,  November  for  instance,  may  live  over  winter,  but  it  is  extremely 
dubtful  if  this  ever  occurs  in  North  Carolina.  If  that  were  the 
case  melon  worms  would  certainly  appear  earlier  in  summer  than  is 
true  at  present  The  over-wintering  pupse  do  not  transform  to  moths 
before  the  following  June  or  later,  and  it  is  evident  that  the  great 
majority  must  be  killed  by  the  usual  plowing  and  preparation  of  the 
land  in  winter  or  spring,  to  say  nothing  of  probable  cultivation  of 
early  crops  during  April  and  May. 

SEASONAL   LIFE   HISTORY    AND   GENERATIONS. 

Fortunately  for  growers  of  cucurbits,  melon  worms  do  not  make 
their  appearance  until  June  or  July  in  North  Carolina,  and  seldom 
earlier  than  June  in  the  extreme  Southern  States.  In  1909,  at 
Raleigh,  melon  worms  in  the  second  and  third  stages  of  growth  were 
present  in  summer  squash  fields  during  the  latter  part  of  July,  and 
from  a  number  of  pupse  collected  August  2  and  3,  nearly  alKePwhich 
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proved  to  be  D.  nitidalis,  one  melon  worm  moth  was  bred  on  August 
7.  Two  days  previous  three  moths  were  captured  in  the  field,  and 
for  the  next  two  weeks  and  later  moths  were  occasionally  seen, 
although  never  more  than  two  or  three  in  a  single  day.  The  same 
year,  1909,  at  Morehead,  Carteret  County,  many  melon  worm  moth< 
were  captured  in  a  cantaloupe  field  on  July  19,  and  at  that  date  the 
damage  to  the  crop  had  been  considerable,  although  much  of  the 
injury  had  been  due  to  pickle  worms,  which  were  much  more  numer- 
ous. In  1910,  melon  worms  were  not  discovered  at  Raleigh  until 
August  22,  when  a  few  in  the  second  stage  were  found  on  summer 
squash.  Previous  to  that  date  the  writer  was  in  cantaloupe,  cucum- 
ber and  squash  fields,  three  or  four  times  each  week,  after  the  latter 
part  of  May.  During  that  time  no  melon  worm  moths  were  collected, 
showing  that  they  were  certainly  very  scarce  during  the  seasrm 
of  1910. 

The  first  generation  of  melon  worms,  judging  from  the  record  of 
1909,  mu?t  commence  about  July  1,  in  the  vicinity  of  Raleigh.  That 
is,  about  that  date,  moths  emerging  from  over  wintered  pupae,  must 
Ifiy  eggs  for  the  first  generation.  Around  Morehead,  N.  C.,  in  1909. 
the  first  generation  commenced  as  early  as  June  16,  or  possibly 
earlier.  In  the  cantaloupe  section  of  Robeson  and  Scotland  counties 
there  seems  to  be  no  record  of  melon  worms  before  the  early  part  of 
July  even  in  extremely  early  seasons.  If  a  generation  of  melon 
worms  cammence  in  North  Carolina  before  about  June  15th  they 
must  be  extremely  few  in  numbers,  and  certainly  of  no  consequence. 

The  second  generation  at  Raleigh  in  1909  commenced  early  in 
August  and  at  Morehead,  fully  two  weeks  earlier.  An  average  date 
for  North  Carolina  would  be  the  latter  part  of  July.  The  worms  of 
this  generation  are  the  ones  that  commence  to  cause  noticeable  injuir 
to  cantoloupe,  squash  and  cucumbers,  of  the  medium  late  crops.  In 
Robeson  and  Scotland  counties,  where  the  cantaloupe  crop  is  usually 
harvested  about  July  10,  this  second  generation  never  causes  notice- 
able injury.  In  late  seasons,  such  as  1910,  with  cantaloupes  ripen- 
ing about  two  weeks  later  than  usual,  the  worms  might  become 
numerous  and  destructive. 

The  third  generation  is  due  about  the  middle  of  September,  but 
appears  too  late  to  injure  the  valuable  portion  of  the  cantaloupe  and 
squash  crops.  As  a  general  rule  cucurbits  are  dying  down  at  that 
date.  Worms  of  the  third  generation  must  commence  to  mature 
early  in  October  and  probably  the  majority  pupate  and  transform 
to  adult  moths  for  a  fourth  generation,  although  when  the  food 
plants  are  nearly  all  dead  before  October,  as  is  usually  true,  there  is 
not  much  chance  for  a  fourth  generation,  and  it  is  doubtful  if  a  full 
one  develops.  Parasites  are  also  very  beneficial  by  destroying  many 
of  the  mature  worms  and  pupae  of  the  fourth  generatioW.u^lt: 
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All  natural  forces  appear  to  work  against  any  large  number  of 
melon  worm  pupae  living  through  the  winter,  and  if  the  growers  of 
cucurbits  will  assist  nature  by  destroying  the  worms  and  pupse  on 
and  around  infested  plants,  there  is  no  reason  why  this  insect  should 
ever  become  very  destructive. 

NATURAL  ENEMIES. 

During  September  and  October,  1909,  two  parasites  were  fre- 
quently bred  from  melon  worm  pupae.  These  parasites  were  iden- 
tified by  Viereck,  of  the  Bureau  of  Entomology,  as  Amempheres  sp. 
and  Limnerium  sp.  The  former  was  more  frequently  reared,  but 
both  species  are  of  much  value  and  together  they  destroyed  fully  one- 
third  of  the  pupae  secured  during  October,  1909.  These  parasites 
attack  the  melon  worms  prior  to  pupation,  but  the  adults  were  always 
secured  from  melon  worm  pupae.  Another  quite  general  parasite,  a 
chalcid  fly,  Chalets  ovata.  Say,  was  also  reared  from  the  pupae,  in 
1909.  No  other  parasites  were  secured  by  the  writer,  but  Pimpla 
conquisitor  was  reared  by  Comstock  in  1879,  and  is  doubtless  one  of 
the  occasional  parasites  at  the  present  time. 

During  the  season  of  1910,  melon  worms  were  few  in  number 
around  Raleigh,  as  previously  stated,  and  no  parasites  were  secured 
from  the  few  specimens  that  were  collected.  It  appears  highly 
probable  that  the  large  number  of  pupae  destroyed  by  parasites  late 
in  the  season  of  1909,  resulted  in  a  material  setback  to  the  melon 
worms  during  1910.  There  is  good  ground  for  the  assertion  that 
serious  melon  worm  injury,  in  this  vicinity,  is  prevented  by  parasites. 

Egg  parasites  were  not  discovered,  and  seem  to  be  unknown  for 
this  species. 

Predaceous  enemies  of  melon  worms  may  at  times  prove  helpful, 
especially  when  the  worms  are  working  in  the  fruit  of  cucurbits. 
While  they  remain  on  the  foliage  few  are  destroyed  by  the  usual 
predaceous  insects,  mentioned  on  page  121.  A  bacterial  disease 
sometimes  attacks  and  kills  the  nearly  full  grown  larvae. 

Severe  winter  weather  may  be  partly  responsible  for  the  failure 
of  the  melon  worms  to  increase  in  numbers  as  rapidly  as  the  pickle 
worms.  It  seems  probable  that  natural  climatic  conditions  prevent 
the  melon  worm  from  spreading  much  farther  north,  or  from  being 
anything  worse  than  an  occasional  serious  pest  in  North  Carolina. 

PREVENTIVE  AND  REMEDIAL  MEASURES. 

The  only  remedial  measures  of  value  against  melon  worms  con- 
sist of  possible  poisoning  for  those  that  eat  the  foliage,  and  the  use 
of  summer  squash  to  help  protect  the  more  valuable  crops.     The 
latter  is  hardly  a  true  remedy,  but  more  in  the  nature  of  a  preventive^ 
measure.     Only  a  brief  discussion  seems  necessary.  ^'^'^^^  ^^  o 
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Trap  Plants  and  Poison  Sprays. — Melon  worms  apparently  show 
a  partiality  for  summer  squash,  probably  owing  to  the  fact  that  the 
('gg-lajicg  moths  are  attracted  by  the  large  plants.  The  worms  do 
not  usually  occur  in  the  buds  and  blooms  like  the  pickle  worms,  but 
feed  freely  on  the  foliage  and  the  maturing  squash.  Hence  these 
plants  may  serve  as  a  trap  for  both  species.  The  writer  has  always 
found  the  melon  worm  on  squash  plants  before  any  appear  on  canta- 
loupes or  cucumbers,  and  in  ordinary  years  a  few  squash  will  serve 
to  trap  the  earliest  worms,  allowing  cantaloupes  or  cucumbers  to 
mature  before  the  melon  worms  injure  them  to  any  noticeable  extent. 
This  is  a  fortunate  circumstance,  in  that  it  allows  the  gardener  to 
use  summer  squash  as  a  trap  for  both  species,  while  by  poisoning  the 
foliage  and  opening  buds,  many  little  larvse  may  be  destroyed  before 
they  are  many  days  old. 

For  a  poison  spray,  arsenate  of  lead,  three  pounds  to  fifty  gallons 
of  water,  is  most  advisable,  but  one-half  pound  of  Paris  green  with 
one  pound  of  fresh  slaked  lime,  in  fifty  gallons  of  water,  may  be 
used.  The  former  is  less  liable  to  burn  the  foliage,  and  is  more 
adhesive.  If  poison  sprays  are  employed  the  trap  plants  should  be 
thoroughly  sprayed,  at  least  three  times,  at  intervals  of  two  weeks, 
commencing  about  July  1,  in  the  vicinity  of  Ealeigh,  or  two  weeks 
earlier  in  the  coastal  section  of  North  Carolina. 

Such  treatment,  supplemented  by  gathering  infested  buds,  blooms, 
and  wormy  fruit,  as  fully  discussed  on  pages  123  to  126,  represents 
the  most  thorough  method  of  controlling  both  melon  worms  and 
pickle  worms. 

The  application  of  poison  mixtures  to  a  whole  field  of  cantaloupes 
or  cucumbers  may  be  of  some  value,  but  it  is  extremely  doubtful  if 
such  work  would  be  profitable.  The  commercial  grower  can  not  go 
to  that  expense  unless  the  cucurbit  vines  are  attacked  by.  some  leaf 
disease  that  necessitates  the  application  of  Bordeaux  mixture  or 
some  other  fungicide.  If  any  general  spraying  is 'made,  poison 
should  always  be  added  in  the  proportion  already  mentioned. 

Disposal  of  Plants  After  Harvest. — Prompt  cleaning  up  and  re- 
moval of  remnants  of  infested  crops  will  help  prevent  the  natural 
increase  of  melon  worms.  This  matter  is  sufficiently  explained  on 
page  125,  to  which  the  reader  should  refer. 

Deep  Plowing  and  Rotation. — These  measures  are  also  explained 
on  page  126  and  need  not  be  repeated. 

From  the  Gardener's  Standpoint. — In  localities  where  cucurbits 
have  never  been  damaged  seriously  by  worms,  the  suggestions  given 
above  and  on  pages  122  to  126  may  seem  entirely  impracticable,  but 
in  the  vicinity  of  Raleigh,  where  the  annual  loss  occasioned  by  the 
two  insects  discussed  in  these  pages  sometimes  amounts  to  upwards 
of  fifty  per  cent,  the  remedial  suggestions  are  certainly  worthy  of 
consideration.  digitized  by  v^uu^it: 
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SUMMARY 

Cottonseed  meal  may  be  used  in  limited  quantities  in  rations  for  work  stock 
v^ith  satisfactory  results^  although  in  some  cases  animals  will  refuse  it  even 
after  repeated  attempts  to  feed  it. 

It  should  never  be  undertaken  to  feed  cottonseed  meal  alone.  It  is  a  very 
concentrated  feed,  and  for  this  reason  it  should  be  used  only  as  a  supplement 
to  carbonaceous  and  fat  producing  feeds. 

The  meal  should  always  be  fed  with  some  finely  divided  concentrate,  such 
as  com-and-cob  meal,  wheat  bran  or  brewers'  grains.  The  more  thorough  the 
mixture  of  cottonseed  meal  with  the  basal  feeds  the  more  satisfactory  the 
results  will  be. 

The  an^ount  of  cottonseed  meal  to  feed  daily  should  rarely  exceed  two  pounds 
per  animal.  A  safe  guide  to  follow  will  be  to  feed  one-fifth  of  a  pound  of  the 
meal  for  every  hundred  pounds  live  weight.  Draft  stock  exceeding  one  thousand 
pounds  in  weight  to  any  great  extent  may  use  two  and  one-half,  and  possibly 
three  pounds  per  day  in  excq>tional  cases. 

Based  on  the  ration  for  a  work  animal  of  average  weight,  the  amount  of 
meal  fed  should  not  exceed  fifteen  per  cent  of  the  total  ration  by  weight.  As  a 
general  thing*  the  results  will  be  more  satisfactory  if  only  ten  to  twelve  per  cent 
of  the  ration  is  cottonseed  meal. 

The  results  obtained  by  the  writer  during  three  years  experimental  work  show 
that  no  ill  effects  will  arise  from  the  use  of  cottonseed  meal  if  it  ia  used  with 
judgment,  however,  if  it  is  unduly  increased,  it  will  not  only  be  refused  but  will 
injure  the  condition  and  working  efficiency  of  the  animals. 

The  chief  thing  in  mixing  a  cottonseed  meal  ration  is  to  use  it  in  connection 
with  feeds  which  can  be  thoroughly  incorporated  with  it,  thus  avoiding  any 
quantity  of  the  meal  sifting  through  the  ration  to  the  bottom  of  the  feed 
trough.  Wheat  bran  is  excellent  for  this  puipose,  although  its  use  increases 
the  cost  of  the  ration. 

Only  bright,  fresh,  light-colored  cottonseed  meal  should  be  used.  Meal  which 
is  of  a  dark  yellow  color  is  most  likely  to  be  old  and  somewhat  musty.  This 
stale  condition  of  the  meal  is  no  doubt  at  times  responsible  for  animals  refusing 
it. 

Cottonseed  meal  is  an  excellent  laxative  and  for  this  reason  it  is  desirable  to 
feed  with  com,  aside  from  the  fact  that  it  furnishes  the  deficiency  of  protein 
in  corn. 

The  effect  of  the  meal  on  the  coat  of  the  animal  is  to  make  it  smooth  and 
glossy,  having  the  same  effect  in  this  respect  as  linseed  meaL 

The  present  price  of  cottonseed  meal,  which  will  average  about  $30.00  per 
ton,  precludes  any  reduction  in  the  cost  of  the  ration.  Its  principal  value*  must 
be  derived  from  the  beneficial  effect  on  the  coat,  condition  and  digestive  system 
of  the  animals  and  in  the  enhanced  value  of  the  manure. 
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FEEDING  COTTONSEED  MEAL  TO  DRAFT  ANIMALS. 


By  R.  S.  Curtib. 


Former  Use  of  Cottonseed  Meal. 

There  has  been  considerable  diversity  of  opinion  regarding  the  use 
of  cottonseed  meal  as  a  feed  for  draft  animals.  On  the  whole,  however, 
the  weight  of  evidence  seems  to  be  in  favor  of  this  feed  for  work  stock 
when  it  is  fed  with  judgment.  The  writer  has  found  as  a  result  of 
three  years  experimental  work,  that  there  is  no  good  reason  why  more 
cottonseed  meal  should  not  be  used  for  this  purpose.  While  the  economy 
of  the  ration  containing  the  meal  will  vary  under  different  conditions, 
so  far  as  the  actual  use  of  the  feed  is  concerned  in  limited  quantities  in 
the  daily  ration,  there  seems  to  be  no  question.  When  fed  in  quantities 
ranging  from  ten  to  fifteen  per  cent  of  the  total  ration  by  weight,  it 
will  generally  be  eaten  satisfactorily  without  any  observable  detri- 
mental results.  At  least  at  the  conclusion  of  experiments  extending 
over  a  period  of  three  years  there  was  no  evidence  antagonistic  to  the 
continuous  use  of  moderate  quantities  of  this  concentrate  from  the 
standpoint  of  health.  In  one  or  two. cases  during  the  preliminary  part 
of  the  work  some  of  the  animals  were  impaired  temporarily.  This  was 
caused,  however,  by  making  the  substitution  of  the  meal  for  com  on  the 
basis  of  food  nutrients.  For  example,  in  one  experiment  one  pound 
of  cottonseed  meal  was  substituted  for  three  pounds  of  com  in  the 
ration.  This  was  found  to  be  impractical.  Otherwise,  at  no  time  during 
these  experiments  was  the  meal  fed  in  unusually  large  quantities.  The 
final  experiments  were  planned  with  the  idea  of  keeping  below  the 
maximum  safe  quantity  rather  than  above  this  amount. 

The  writer  is  of  the  opinion  that  much  of  the  prejudice  against  feed- 
ing cottonseed  meal  to  draft  animals  is  the  result  of  feeding  the  meal 
to  excess  or  from. influences  based  on  the  detrimental  results  obtained 
from  feeding  the  meal  to  other  animals,  especially  swine. 

If  cottonseed  meal  is  not  used  with  judgment,  it  will  be  far  better 
not  to  use  it  in  the  ration.  This  does  not  necessarily  mean  that  special 
precaution  must  be  taken  in  order  to  prevent  fatalities  as  any  concen- 
trated feed  of  this  nature  must  be  fed  judiciously  if  the  most  satis- 
factory results  are  to  be  obtained.  It  should  be  kept  in  mind  at  all 
times  that  cottonseed  meal  should  be  used  as  a  supplementary  feed,  and 
should  never  be  used  as  the  principal  component  of  the  ration  for  work 
stock.  For  some  animals,  such  as  beef  cattle  intended  for  slaughter, 
this  plan  may  be  followed  but  not  with  animals  having  a  continued 
field  of  usefulness.  In  this  connection  it  is  not  the  intention  to  convey 
the  impression  that  cottonseed  meal  should  be  used  to  the  exclusion  of 
other  supplementary  concentrates.  Considering  the  feed  and  fertilizing 
value  of  the  meal,  however,  it  is  thought  that  a  wise  use  of  it  in  the 
rations  for  working  animals  will  be  a  means  of  retaining  on  Southern 
farms  some  of  the  fertility  of  the  by-product  which  is  sold  in  large 
quantities  in  other  parts  of  the  country. 
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Natnre  and  Composltloii  of  Cottonseed  MeaL 

Cottonseed  meal  is  valued  as  a  feed  principally  because  of  its  high 
protein  content  and  for  this  reason  it  is  desired  in  the  ration  for  work 
animals  which  are  generally  fed  on  com  exclusivdj. 

Cottonseed  meal  is  one  of  the  most  concentrated  commercial  feeds 
on  the  market  containing  on  the  average  the  foUowiag  nutrients: 

TABLE  1.— GIVING  THE  PERCENTAGE  COBdPOSITION  OF  THE  NUTRIENTS  IN  COTTON- 
SEED lfEAL.1 


Water 


8.5 


Protein  Carbohydr&toa  Fat 


6.5  I  41.0  35.0  0.0 


Unadulterated  cottonseed  meal  should  have  a  light  yellow  color  and  a 
sharp,  nutty  odor.  If  the  meal  is  dark  or  reddish  in  color,  the  pre- 
sumption is  that  it  is  old  or  it  has  been  adulterated  with  ground  cotton- 
seed hulls  which  materially  reduces  its  feeding  value  especially  for 
horses  and  mules. 

Yalne  of  Cottonseed  MeaL 

The  reasons  for  feeding  cottonseed  meal  to  work  animals  may  be 
considered  from  two  viewpoints.  First,  work  stock  should  be  supplied 
with  a  ration  which  will  furnish,  without  the  loss  of  any  nutrients, 
the  necessary  energy  for  doing  the  work  required  of  them.  The  com 
ration  which  is  used  largely  as  a  feed  for  this  class  of  stock  is  too 
carbonaceous  for  economical  results,  and  especially  for  growing  ani- 
mals. It  is  necessary  to  feed  a  com  ration  in  excess  of  the  actual  needs 
of  the  animal  in  order  that  the  required  amount  of  protein  material 
may  be  furnished. 

Cottonseed  meal  contains  a  l^rge  amount  of  protein,  and  for  that  rea- 
son it  is  well  suited  for  supplementing  com  in  a  ration  for  work  stock. 
Theoretically  the  quantity  of  meal  could  be  varied  in  the  ration  and 
made  to  suit  the  different  stages  of  development  in  the  animal  from  the 
growing  period  to  maturity.  In  practice,  however,  the  amount  which 
can  be  used  successfully  is  limited.  When  the  ration  is  properly  com- 
pounded, the  extra  quantity  of  protein  needed  can  be  supplied  largely 
from  cottonseed  meal,  and  in.  so  doing  the  ration  is  made  more  efficient 
than  a  com  ration. 

The  second  reason  for  feeding  cottonseed  meal  to  work  animals  is 
to  secure  its  feeding  value  and  at  the  same  time  retain  in  the  manure 
a  large  percentage  of  its  fertilizing  value.  The  writer  considers  it  a 
business  proposition  to  secure  when  possible  the  feeding  value  of  cotton- 
seed meal  before  it  is  used  for  fertilizing  purposes.  Each  year,  the 
Southern  States  export  about  1,000,000  tons  of  cottonseed  products 
which  should  be  used  here.  The  work  animals  in  this  State  alone  if 
fed  the  quantity  of  cottonseed  meal  recommended  would  consume  prac- 
tically one-tenth  of  the  entire  amount  of  these  products  exported. 

»North  Carolina  Experiment  Station  Chart— C.  B.  Williams.         Digitized  by  ^^OUV  IKl 
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Feeds  Adapted  for  Using  witb  Cottonseed  MeaL 

Communications  from  yarious  sources  state  that  work  animals  will 
eat  cottonseed  meal  readily  either  alone  or  mixed  with  other  feeds. 
This  may  be  true  in  isolated  cases  but  such  is  not  uniformly  the  case 
according  to  the  experience  of  the  writer.  It  is  possible  that  animals 
which  have  been  reared  on  cottonseed  meal  from  early  life  may  eat  it 
more  readily  than  otherwise.  This  seems  ^plausible,  but  experimental 
results  show  that  animals  which  have  cottonseed  meal  suddenly  placed 
in  the  ration  do  not  always  adapt  themselves  to  the  change  even  after 
continued  trials. 

By  supplementing  the  meal  with  such  feeds  as  wheat  bran,  a  great 
many  diflficulties  will  be  overcome.  Wheat  bran  is  considered  as  one  of 
the  best  available  complementary  feeds.  Brewers'  grains,  crushed  oats 
or  whole  oats,  corn-and-cob  meal  and  cut  hay  are  also  very  useful  for 
this  purpose.  Crushed  or  ground  husk  com  is  claimed  by  some  to  give 
splendid  results  as  a  basal  feed  for  using  with  cottonseed  meal.  The 
chief  thing  in  feeding  the  meal  is  to  secure  a  basal  feed  which  can  be 
thoroughly  mixed  with  it.  This  lightens  the  ration  and  at  the  same  time 
overcomes  the  odor  which  seems  disagreeable  to  many  animals.  Louisi- 
ana planters  use  quite  large  quantities  of  black  strap  molasses  in  their 
cottonseed  meal  rations  for  work  animals.  They  attribute  their  success 
in  feeding  the  meal  largely  to  the  molasses.  They  &tate  that  cotton- 
seed meal  is  rarely  if  ever  refused  by  work  animals  when  it  is  properly 
incorporated  with  the  basal  feed  and  the  whole  thoroughly  mixed  with 
molasses. 

Preliminary  Feeding. 

In  using  cottonseed  meal  in  the  ration  for  the  first  time,  the  quantity 
fed  should  be  limited  for  several  weeks.  Not  over  one-fourth  of  a  pound 
should  be  given  at  each  feed  for  the  first  two  or  three  weeks.  This  is 
essential,  as  overfeeding  may  be,  and  no  doubt  has  been  responsible  for 
the  ill  effects  following  the  use  of  cottonseed  meal  both  with  work 
animals  and  other  live  stock.  Besides  the  concentrated  nature  of  the 
meal,  its  laxative  effect  should  be  closely  watched,  as  overfeeding  may 
cause  considerable  trouble  of  this  kind.  If  the  animals  fed  on  the  meal 
are  not  placed  on  a  full  feed  of  two  pounds  before  the  end  of  six  weeks, 
it  will  be  far  better  than  to  increase  it  more  rapidly.  By  observing  the 
above  precautions  success  will  be  secured  where  a  more  rapid  introduc- 
tion of  the  feed  in  the  ration  might  cause  failure. 

Amount  of  Cottonseed  Meal  to  Feed* 

The  amount  of  cottonseed  meal  to  feed  should  be  determined  by  the 
size  of  the  animal;  the  character  and  severity  of  the  work;  the  com- 
position of  the  basal  concentrated  feeds,  and  the  roughage  used.  Al- 
though it  is  not  likely,  if  the  main  concentrates  contain  a  larger  per- 
centage of  protein  than  corn,  the  most  commonly  used  feed,  it  will  not 
be  necessary  to  use  as  much  cottonseed  meal  as  otherwise.  Also,  if  the 
roughage  consists  of  clover  or  cowpea  hay  or  some  other  nitrogenous 
roughage,  it  will  not  be  necessary  to  use  the  maximum  amount  of  cotton- 
seed meal  recommended.  ^,g,^^,  ,^  ^uu^lt 
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Method  of  Feeding. 

The  method  of  feeding  cottonseed  meal  will  depend  somewhat  upon 
the  amount  used.  If  the  largest  amount  that  can  be  safely  fed  is  used 
it  will  be  better  to  distribute  it  equally  in  the  three  daily  feeds.  If  a 
smaller  quantity  is  used,  for  example  one  pound  daily,  it  may  be 
given  in  two  feeds,  preferably  the  morning  and  night  portion  of  the 
ration.  The  meal  should  be' thoroughly  mixed  in  the  main  part  of  the 
feed,  as  it  might  otherwise  sift  out  and  gradually  collect  in  the  feed 
trough  and  ferment. 

Harmful  Effeets  of  Cottonseed  MeaL 

The  harmful  effects  from  feeding  cottonseed  meal  to  work  stock  are 
largely  due  to  overfeeding.  While  the  exact  cause  of.  the  toxicity  has 
never  been  determined,  the  meal  may  be  fed  in  moderate  quantities  to 
some  farm  animals  for  limited  periods  with  satisfactory  results.  Its  use 
generally,  however,  is  not  recommended,  especially  for  calves  and  swine, 
although  for  dairy  and  beef  cattle  and  working  animals  it  can  be  fed 
without  any  of  the  ill  effects  which  frequently  follow  its  use  with 
calves  and  swine.  When  fed  to  work  stock  in  the  quantities  recom- 
mended it  can  be  used  without  any  anticipation  of  disastrous  results. 

A  Plausible  Reason  THiy  Work  Animals  Can  Use  Cottonseed  Meal 
Continnonsly. 

It  is  a  well  known  fact  that  dairy  cattle  can  use  moderate  quantities 
of  cottonseed  meal  in  their  rations  without  suffering  any  of  the  ill 
effects  which  characterize  its  use  with  other  animals.  Even  working 
oxen  will  eat  quite  large  quantities  of  the  meal  apparently  without  any 
ill  effects.  It  will  be  noticed  that  any  class  of  stock  which  does  not 
use  the  feed  assimilated  for  increasing  the  body  weight  can  usually 
continue  to  take  the  meal  in  limited  quantities  without  harm.  This  is 
well  illustrated  by  the  character  of  the  product  obtained  from  dairy 
cattle  and  the  work  obtained  from  draft  stock.  While  the  question  may 
arise  regarding  the  proportionate  amount  of  cottonseed  meal  actually 
fed  to  different  classes  of  stock  and  the  weight  of  the  animals  being 
fed,  it  might  be  stated  that  where  pigs  have  been  fed  cottonseed  meal, 
cases  are  on  record  where  those  receiving  a  small  amount  of  meal, 
one-fourth  of  a  pound  daily  died  in  a  short  period.  On  the  other  hand, 
pigs  of  the  same  weight  fed  one  pound  of  meal  daily,  continued  to  live 
for  ninety  days,  at  which  time  they  were  discontinued,  apparently  in 
normal  condition.  For  this  reason  and  other  peculiarities  attending  the 
use  of  cottonseed  meal,  there  seems  to  be  some  foundation  to  the  state- 
ment that  the  amount  of  meal  which  can  be  fed  continuously  wiU  depend 
somewhat  on  the  character  of  the  product  made  or  the  work  done  by  the 
animal  using  cottonseed  meal. 

Any  class  of  animals  which  use  the  meal  in  quantities  sufficient  to 
increase  their  weight  materially,  namely,  beef  cattle,  and  swine,  will 
eventually  reach  the  period  when  partial  or  entire  blindness,  staggers 
or  even  death  may  result.     From  whatever  sourc^es^  |h^]^^^j^  has  re- 
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ceived  reports  of  these  troubles  with  horses  or  mules,  it  has  been  found 
that  more  meal  was  being  used  in  each  case  than  is  conservatively 
recommended  for  the  average  draft  animal. 

Data  from  Practical  Farmers. 

In  Table  2  some  important  data  is  given  from  men  who  have  had 
considerable  experience  in  feeding  cottonseed  meal  to  draft  animals. 
Their  observations  were  based  upon  extensive  trials  with  a  large  number 
of  animals,  cohering  a  period  of  several  years.  A  number  of  additional 
names  might  be  added  to  the  list,  but  this  is  not  felt  to  be  necessary 
since  the  results  obtained  by  them  were  practically  the  same  as  those 
reported  in  the  table. 
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TABLE  2.— SHOWING  THE  RESULTS  OBTAINED  FROM  FEEDING  MULES  AND  HORSES 

ON  COTTONSEED  MEAL  BY  PRACTICAL  FARMERS  IN  NORTH  CAROUNA 

AND  LOUISIANA. 


List  of  Qukstionb  Submittsd  and  Anbwbbb  RscxirKo. 


Name  and  Address 
of  Feeders 

Length  of  Time  Fed 
inVeare 

k 

1 

li  ill 

II? 

1 

0  m 

' 

1 

2: 

sr 

1^ 

Detrime 
InBue 
Notice 

The  Leon  Godoheaux 
Co.  Ltd.,  Reserve,  La. 

None 

300 

5 

lH-3 

Corn-and- 

cob  meal, 

brewers* 

grains,  anc 

molasses. 

H     Not  when 

fed  with 

'  molasses 

I 

None 

Very  well 

im- 
pcesRcl 

G.  B.  Reuss.  10 

Hohen  Solms,  La. 


150 


Ground 
corn  and 


No 


None  Very 
satiy- 
factor>' 


Thoa.  H.  Rogers, 
Thibodeaux,  La. 

12 

120  ] 

5 

H 

Ground 

husk 
corn  and 
molasses 

1 

Only 
when 
cotton- 
seed meal 
Ufed 
alone 

None 

Satit- 

(setory 

feed  with 

molasBn 

C.  S.  Matthews, 
Matthews.  La. 

25 

250  1 

1 

\      1 
1 

Ground 
1   corn  and 
,   molasses 

'  1 

1 

t 

Only 
1     when 
fed  in 
1     large, 
quanti- 
ties 

None 

1 

John  R.  Todd, 

Foster,  La. 

1 

22 

154  1 

1 

10% 

,  of  ra- 
tion 

Oats  and 
corn 

t 

No 

Blind- 

John  T.  Moore  Planting, 
Co.,  Schrlftver,  La.     ' 

15 

150  , 

13 

2-2H 

Corn-and- 
cob  meal. 

rice  bran 
and 

molaflflfifl 

H-1 

1 

No 

None 

Excellent 
resuiu 

J.  J.  Jacobs, 
Convent,  La. 

6 

82 

] 

3 

2H-^ 

Brewers' 

,grains.  corn 

and  oats 

1 

2 

No 

Over- 
beating 
'    and 

blind- 
ness 

Satis- 
factory 

Beaufort  Lumber  Co.,    . 

48 

.         i 

2 
mo. 

IH 

Cottonseed 
hulls 

Sm'l 
am't 

Some- 
times 
when 
first  fed 

Fin  amp  ^ 

Shelmerdine.  N.  C. 

saving 

Frank  P.  Shields, 
Scotland  Neck.  N.  C. 

15 

80  , 

3 

lH-2 

Corn 

H 

No 

Possi- 
bly af- 
fects 
eyes 

Satis- 
factory 

John    Dymond. 
New  Orleans,  La. 

10 

50 

5 

2 

Cut  hay 

and 
molasses 

FuU 
ra- 
tion 

At  first 
only 

None 

Vcr> 

satis- 
factory 

R.  T.  Gibbons. 
Baton  Rouge,  La. 

5 

50 

10 

'       2 

Crushed 
corn,  oats, 
cut  hay  and 

H 

,       No 

1 

>  None 

Satis- 
fartorj- 

G.  W.  LenUll, 

Bunkie,  La. 


46 


Corn  and  ! 
mola 


At  first  ;   None  ;    Satis- 
only  '  factor}' 
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It  will  be  noticed  from  the  results  given  in  Table  2,  that  the  amount 
of     cottonseed    meal    fed    ranged    from    three-fourths   of    a    pound  to 
tliree  pounds  per  day,  with  a  daily  average  of  about  two  pounds.     In 
every  case  the  best  results  were  obtained  when  the  meal  was  mixed  with 
a    feed  which  had  previously  been  crushed  or  ground  or  which  was 
naturally  in  a  finely  divided  condition.     Oats  are  the  best  adapted  of 
the  farm  grains  for  mixing  with  the  meal  without  further  alteration. 
In  a  number  of  cases  reported,  oats  were  used  as  a  part  of  the  basal 
feed.     The  Louisiana  planters  in  almost  every  case  mix  their  feeds  as 
suggested  and  add  from  six  to  twelve  pounds  of  black  strap  molasses, 
which  seems  to  materially  improve  the  cottonseed  meal  ration  both  in 
palatability  and  efficiency.     The  parties  furnishing  the  data  for  this 
table  claim  that  cottonseed  meal  is  not  often  refused  by  horses  or  mules 
when  it  is  thoroughly  mixed  with  the  other  basal  feeds.     This  is  es- 
pecially true  if  molasses  is  added  to  give  palatability  to  the  ration. 
In  two  cases  shown  in  the  table,  it  is  stated  that  the  meal  caused  either 
blindness  or  overheating.     In  this  latter  case,  however,  the  quantity 
fed  was  more  than  is  ordinarily  recommended,  and  this  may  have  been 
responsible  for  the  trouble.     In  all  cases,  except  two  where  expressions 
were  not  given,  the  results  obtained  were  very  satisfactory  from  the 
standpoint  of  the  working  capacity,  efficiency  and  condition  of  the  ani- 
mals.   In  one  case,  it  was  stated  that  a  financial  saving  was  effected. 
Letters  submitted  to  these  same  parties  after  a  lapse  of  eighteen 
months  stated  that  the  results  from  feeding  the  meal  were  equally  as 
satisfactory  as  before.    In  one  case,  the  feeding  had  been  discontinued. 
This  came  about  from  the  fact  that  an  epidemic  broke  out  am<5ng  the 
stock,  and  the  meal  was  eliminated  from  the  ration  as  a  matter  of  pre- 
caution.    The  company,  as  well  as  their  veterinary  adviser,  considers, 
however,  that  the  trouble  was  not  caused  by  feeding  cottonseed  meal. 

Besults  Obtained  by  Other  Station  Workers. 

It  is  stated  by  C.  W.  Burkett*  that  cottonseed  meal  can  be  used  to 
displace  part  of  the  corn  in  the  ration  for  horses  and  mules.  Two 
pounds  of  meal  are  recommended  per  animal  daily.  This  amount 
should  be  fed  with  grain  or  sprinkled  on  dampened  hay  or  ensilage. 
When  animals  can  be  made  to  acquire  a  taste  for  cottonseed  meal  it  is 
recommended  to  make  it  a  part  of  the  ration. 

The  conclusions  reached  by  W.  J.  Kennedy,  E.  T.  Robbins,  and  H.  H. 
Kildee-  were  that  cottonseed  meal  gave  better  results  than  linseed 
meal  as  a  supplement  to  the  ration  for  work  stock.  The  ration  contain- 
ing the  cottonseed  meal  was  fully  as  palatable  and  efficient  and  it  was 
less  laxative  than  the  oil  meal  ration.  It  was  also  cheaper,  when  the 
cottonseed  meal  was  selling  at  $30.00  per  ton.  The  statement  is  made 
in  the  beginning  of  the  bulletin,  however,  that  the  experiments  have 
not  been  continued  for  a  sufficient  length  of  time  to  give  definite  con- 
clusions.    This  work  was  carried  on  through  two  years. 

C.  W.  Burkett'  reports  the  feeding  of  oats,  wheat  bran,  corn,  gluten 

«N.  C.  Sta.  Bui.  189.  p.  104.  ninitiypd  hv  CaOO*^  I  r 
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feed,  linseed  meal,  and  cottonseed  meal  in  various  forms  to  work  stock. 
Fairly  good  results  were  obtained  with  all  the  mixtures  fed,  however, 
cottonseed  meal  was  less  satisfactory  than  any  other  supplement  used  in 
the  rations. 

W.  C.  Stubbs^  fed  cottonseed  meal  to  horses  and  mules  with 
satisfactory  results.  From  one  to  two  pounds  were  fed  to  animals  daily 
with  satisfaction.  Six  pounds  is  regarded  as  the  maximum  quantity 
which  should  be  fed  and  this  amount  should  be  reached  gradually.  It 
is  stated  that  reddish  and  musty  cottonseed  meal  should  be  avoided. 

F.  E.  Emery*  reports  feeding  two  pounds  of  cottonseed  meal  daily  in 
a  mixed  ration.  When  the  meal  was  increased  to  three  and  one-half 
pounds  per  day,  the  results  were  not  as  satisfactory  as  when  two  pounds 
were  fed.  The  statement  is  made  that  neither  of  the  horses  fed  cotton- 
seed meal  showed  any  bad  symptoms  from  the  meal  feeding. 

E.  R.  Lloyd*  fed  two  lots  of  mules  on  cottonseed  meal  in  connection 
with  wheat  bran.  Lot  1  was  fed  wheat  bran  and  cottonseed  meal  in  the 
proportion  of  1 : 1.  The  mixtures  were  eaten  sparingly  at  first,  and  at 
the  end  of  six  weeks  were  practically  refused.  The  mules  were  not 
accustomed  to  wheat  bran  and  it  was  thought  this  might  account  for 
their  refusing  the  meal.  Com  chops  were  substituted,  however,  for  the 
bran,  but  they  still  refused  to  eat  enough  of  the  mixture  to  keep  them 
in  good  working  condition.  At  the  end  of  ninety  days  the  mules  were 
losing  in  flesh  so  rapidly  that  the  cottonseed  meal  feeding  was  dis- 
continued. 

Dr.  Gebeck*  states  that  it  has  been  proven  that  cottonseed  meal  can 
be  fed  to  draft  animals,  especially  during  the  time  they  are  working 
excessively  hard.  Horses  can  be  fed  about  two  pounds  per  day,  without 
harmful  effects. 

J.  H.  ConnelP  states  that  he  has  fed  cottonseed  meal  to  work  stock 
in  small  quantities.  The  meal  was  gradually  introduced  in  the  ration 
to  allow  the  stock  to  grow  accustomed  to  the  taste  and  odor.  By  follow- 
ing this  practice,  a  large  percentage  of  the  work  stock  can  be  induced 
to  eat  it  regularly  although  some  refuse  it  entirely.  He  further  state.« 
that  large  amounts  have  been  fed  safely  to  mules. 

A  number  of  other  statements  are  made  bearing  on  the  results  ob- 
tained from  farmers  of  that  State.  While  some  of  the  results  obtained 
are  antagonistic  to  the  use  of  cottonseed  meal  for  work  stock,  consider- 
able evidence  is  given  in  support  of  the  value  of  the  meal  for  this  pur- 
pose. The  average  ration  recommended  should  contain  about  one-tenth 
part  of  cottonseed  meal  by  weight. 

Judge  Henry  C.  Hammond,'  of  Augusta,  Ga.,  reports  that  he  has  fed 
for  years  about  one  pound  of  cottonseed  meal  daily  to  colts,  brood  mares, 
driving  and  work  horses.  There  has  been  no  sickness  among  the  horses 
and  their  style,  action  and  health  are  all  that  could  be  desired.     He 

^Louiaiana  Planter  (1902),  p.  178. 

«N.  C.  Exp.  Sta.  BiU.  109,  pp.  425-426. 

*MiaB.  Ann.  Rpt.,  1902,  pp.  16-18. 

«Landw.  Vers.  Sta..  42,  p.  294. 

•Tex.  Exp.  Sta.  Bui.  55,  p.  206. 

•Feeds  and  Feeding,  Tenth  Edition,  Henry,  p.  150.  ^  j 
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attributes  his  unvarying  success  to  the  fact  that  the  meal  is  never  fed 
alone  but  is  always  carefully  mixed  with  some  light  concentrate. 

This  latter  statement  is  of  special  importance.  It  is  corroborated 
by  a  large  amount  of  data  obtained  by  the  writer  during  three  years 
experimental  work. 

Baron  E.  d'Allinges^  fed  two  pounds  of  cottonseed  meal  to  horses  and 
mules  during  three  years.  It  was  fed  in  connection  with  4  pounds  of 
wheat  bran  and  6  pounds  of  com  meal.  On  Sundays  whole  corn,  oats 
and  uncut  hay  were  fed.  It  is  reported,  however,  that  the  use  of  cotton- 
seed meal  was  not  altogether  satisfactory  in  this  combination. 

General  Besnlts  Obtained  from  Feeding  Cottonseed  MeaL 

The  forgoing  digest  of  the  published  matter  relating  to  the  use  of 
cottonseed  meal  for  horses  and  mules  should  have  considerable  weight, 
considering  the  sources  of  the  information.  Taking  also  the  supple- 
mentary data  from  practical  farmers  who  have  used  the  meal  in  large 
quantities  under  varying  conditions,  there  seems  to  be  no  large  amount 
of  evidence  contradictory  to  the  successful  use  of  cottonseed  meal  for 
the  purpose  in  question. 

While  in  some  instances  antagonistic  statements  have  been  made,  the 
writer  is  of  the  opinion  that  these  negative  expressions  have  at  times 
been  caused  by  the  careless  use  of  the  meal.  For  example,  some  writers 
have  advocated  the  use  of  as  much  as  four  to  six  pounds  per  animal 
daily.  The  concentrated  nature  of  cottonseed  meal  would  seem  to  op- 
pose the  recommendation  of  using  such  large  quantities  of  it.  This 
statement  is  especially  true  considering  the  undesirable  effect  of  other 
more  widely  used  concentrated  feeds  on  working  animals.  As  cottonseed 
meal  is  a  heavy  finely  divided  nitrogenous  feed  mature  judgment  should 
always  be  used  in  feeding  it.  It  should  be  given  in  moderate  amounts 
and  in  combination  with  light  bulky  feeds  which  will  reduce  the  sodden 
condition  of  the  meal  when  fed  in  large  quantities. 

On  the  whole,  there  is  a  certain  amount  of  information  concerning 
the  use  of  cottonseed  meal  which  every  farmer  must  acquire  for  him- 
self. However,  if  the  use  of  the  meal  is  based  on  the  results  given  herein 
and  on  the  experimental  results  reported  by  the  writer  in  Bulletin  215, 
the  successful  use  of  it  should  be  considerably  increased.  Cottonseed 
meal  is  a  feed  which  should  be  given  with  great  care,  and  when  so 
used  it  should  bring  uniformly  satisfactory  results,  although  in  some 
cases  even  under  the  most  careful  guidance  it  may  be  refused  by  work 
animals. 

>Tez.  Exp.  Sta.  Bui.  K,  p.  205. 
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S«ine  Cottonseed  Meal  Bations. 

The  following  daily  rations  for  a  draft  animal  of  medium  weich^ 
doing  moderate  work  should  prove  satisfactory  under  normal  condition?. 

Ration  1.  Ration  S, 

10  pounds  com-and-cob  meal.  8^  pounds  com-and-cob  meal. 

2  pounds  cottonseed  meal.  2     pounds  brewers'  grains. 

1^  pounds  cottonseed  meaL 

Ration  2.  Ration  4, 

8^  pounds  corn-and-cob  meal.  9^  pounds  ear  corn. 

2     pounds  wheat  bran.         %  3     pounds  wheat  bran. 

1^  pounds  cottonseed  meal.  1     pounds  cottonseed  meal. 

In  using  ration  4  it  will  be  preferable  to  feed  the  wheat  bran  hd: 
cottonseed  meal,  thoroughly  mixed,  at  the  noon  or  night  feed.  If  id 
at  night  a  small  amount  of  the  ear  corn  ration  might  well  be  given  a- 
this  time.  The  roughage  portion  of  the  ration  may  be  eaten  ad  libltwt . 
the  principal  portion  of  it  being  fed  at  night. 

It  will  be  found  advisable  to  mix  the  concentrates  in  100  or  200  poun! 
lots  or  even  in  larger  quantities.  This  will  save  time  in  mixing,  an ! 
the  rations  will  be  more  convenient  to  feed. 
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